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PREFACE. 



The contents of this volume are in the main a reprint of 
articles which have already had a world-wide circulation 
in the pages of the English Mechanic, 

Some two years since I observed the frequent questions 
which appeared in that journal in reference to the present 
subject, and the idea occurred to me to throw, some of the 
results of my own experience into the form of short articles , 
for its columns. The editor kindly approved of my sug- 
gestion, leaving me free to take my own course as to 
the scope of the articles and the method of illustration. 

The favourable reception accorded to those papers led 
me to think that they might form the basis of a book 
which might fill a useful place amongst our technical 
literature. 

These articles, therefore, are now thoroughly revised 
and corrected, and expanded by the incorporation of new 
matter, additional sketches, and useful tables. A service- 
able syllabus of contents and appropriate chapter headings, 
together with a copious index, will render the subject 
matter readily accessible to the reader. 



IV PEEFACE. 

The book in its present form, it is hoped, will be found 
a vade mecum of that trade in which I have been engaged, 
as apprentice, journeyman, and foreman, for the last five- 
and-twenty years of my life. To my fellow-workmen, 
to those draughtsmen who have lacked a training in the 
shops, to pupils pursuing their practical studies in our 
factories, to employers and managers in engineering 
works, to all, in short, who seek more than a mere 
smattering of knowledge relative to this, the first and 
most important branch of engineeering construction, I 
respectfully dedicate this volume. 
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PATTERN-MAXING. 



CHAPTEE I. 

INTRODUCTORY. 

Fattem-maMng a trade of recent growth. — ^Advantages of Division of 
Labour. — -Tools used in Pattern-making. — Contraction-roles. — ^Tim- 
ber. — Proposed treatment of the Subject. 

In that exoessive specialisation of trades and industries — ^tliat 
necessary breaking up of many of the older and more typical 
handicrafts — which has been going on during the present cen- 
tury, pattern-making has become a distinct occupation. Fifty 
years since, the old race of millwrights were *' all-round" 
men in the engineering firms. They could fit up a Tnill 
throughout, design its arrangements, both general and in 
detail, make the patterns of the cast-iron work, gear the 
mortise-wheels, chip and file the iron-toothed ones, weld a 
shaft, turn it in the lathe, forge levers, fit up the pedestals and 
bearings, line the shafting, and, in fact, do all the work that 
is now divided among haK-a-dozen separate and distinct 
trades. Necessanly this meant the sacrihce of some special 
skill, the absence of a certain mechanical facility which results 
from the division of labour. But, taken as a body, they -were 
better craftsmen, because more complete, than the mechanics 
who now do one thing, and one thing only. They were men 
of a strong representative character, skilful in the use of a few 
rough and ready tools, and equal to contingencies as they 
arose. The race, except in some isolated localities, has nearly 
died out. Now, the pattern-maker constructs the wooden 
models and gears the mortise-wheels ; the fitter chips, files, 
and fastens different parts together ; the planer, slotter, and 
shaper save the fitter's muscles, and the iron-turner prepares 
his shafts and bores his wheels. The fitter again and the 

^i B 



erecter occupy distinct positiona, ■vrhile eacli individu^ wort- 
man tesides usually excda only in some special brancli of 
work. 

But this diviaion of labour has its advantages. Machinery 
has been cheapened, there is more beauty and finish about it, 
and it ia capable of being turned out of hand much more 
rapidly than was possible under tlie old regime. More and more 
yet the tendency of the tima ia to division — specialisation of 
labour. Men doing one class of work alone acquire a still, a 
facility in that particular branch, which can be acquired and 
preserved in no other way. And in this we are only borne 
along by the tendencies of the age in which we live. Science 
and the wide fields of knowledge yield no exception to this 
rule. Men in any and every walk of life can only acquire 
great distinction by moving ia one groove. The boundless 
universe is fair and inviting ; but each must be content to 
plough his own little furrow, glad if he accomplish worthy 
work before the night comes on. 

Enough of preface — now to our art and trade of pattern- 
making. Tools and timber, two essentials, may be disposed 
of briefly. Speaking generally, carpenters' tools are suitable 
for pattern work, but mortise -chisels are not wanted, neither 
are the plough and irons, nor the various bead and moulding- 
planes. And instead of a number of firmer chisels and gouges, 
long chisels and gouges, called paring-tools, are requisite. The 
average kit of a pattern-maker should consist of the following 
articles, though many workmen add largely to these: hand- 
saw, tenon, dovetail, bow, compass, and keyhole saws ; jack- 
plane, trying and smoothing planes ; about eight round planes, 
ranging from Nos. 4 to 18; three rebate-planes of various 
widths ; thumb-plane, bull-nose and compass planes ; half-a- 
dozen paring chisels of various widths, ten or twelve paring- 
gouges of various widths and sweeps, half-a-dozen firmer- 
chisels from -iVth to 1 J inches ; two short marking-gauges and 
a panel-gauge, a brace and set of thirty-sis bits, two pairs of 
trammels, large and small respectively, wing compasses and 
dividers, calipers (inside and outside) ; ase, turning-gouges 
and chisels, round nose and eide tools (about three of each) ; 
a six-inch and a, twelve-inch trying-square, to which may be 
added a twenty-inch or twen^-four-inch one of wood ; a 
bevel, sundry set squares, hammer, pincers, pliers, two spoke- 
shaves, brad-punches, gimlets, bradawla, oilstone, gougB- 
slips, mallet, screw- drivers, large and small, seriber, a few 
files, scales, and a standard and contraction-rule. Special 
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mention must be made of tliis last tool, which is used only 
by pattern-makers. As its name implies, it is a rule which 
is made longer than the standard measure by the amount 
which cast iron contracts in cooling from the molten state 
to the ordinary temperature of the atmosphere. Though a 
standard rule is required for the measurement of castings, 
it would be obviously inconvenient to use it in pattern- 
making, because the workman would be perpetually making 
approximate allowances for contraction in fractional parts 
of a foot. So the contraction-rule economises his time and 
insures something more accurate than approximations. A two 
feet contraction-rule is nearly a i inch longer than a common 
rule — strictly speaking, J inch in 2 feet 6 inches. This 
represents nearly the maximum amount of contraction for 
iron, and is fairly correct for general work. But an experienced 
pattern-maker knows that he must not trust too much to his 
rule, but that special allowances are required for special 
classes of work, and for different qualities of metal as well as 
for different kinds of metal. Thus, while iron contracts an 
eighth in 15 inches, brass and steel contract an eighth in 10 
inches, steel frequently rather more. A heavy casting will 
contract less than a light one, while a small casting will often 
come out as large, or even larger than the pattern. Hard 
white iron will contract much more than soft grey iron, and 
the presence of large dried cores in the mould will diminish 
the amount of conixaction. A plate with large superficies 
will almost invariably come out thicker than the pattern, 
owing to the fluid pressure exercised by the head of the 
runner, and also to the top-part box not being entirely 
rigid. Experience alone can guide in these matters ; and 
some element of uncertainty will always be present, for 
different mixtures of metal will show different contractions, 
as also will rapid or steady lowering of the temperature 
in the cooling of castings. But ia general, for castiQgs of 
moderate size, the contraction-rule is practically correct. 
Few men provide themselves with a contraction-rule specially 
for gunmetal and brass. Eules are sometimes made having 
the divisions for iron contraction upon one edge and those 
for brass upon the other. But one is apt to make blunders 
in measurement where this is the case, and the safer way 
is to have a rule giving contraction for iron only, and to 
make the additional allowance for gunmetal when necessary 
— ^very approximately one and a half times that of iron, or 
^ inch in 10 inches. 



4 PATTERN-MAKING. 

The timber used for ordinary patterns is yellow pine. It is 
light, soft, easy to work, comparatively free from liability to 
warp and twist, and it is cheap. Bed deal and pitch-pine are 
unsuitable, since in the foundry sand they absorb moisture, and 
become ridged and rough, causing the mould to tear up when 
the pattern is withdrawn. They are, besides, not so pleasant 
to work up as the yellow pine. For small patterns mahogany 
is an excellent wood, hard, strong, and not liable to warp. 
Its price precludes its use except for small patterns, or 
patterns which have to be moulded repeatedly. Other woods 
are occasionally used, but these are the best, and are the ones 
in commonest demand. 

Obviously the scope of such a work as this will not allow 
that much space should be occupied in the discussion of those 
matters which are learned by i^e apprentice during the first 
year or two of his time, and which in most cases could not be 
imparted except in the workshop. We are at least bound to 
assume that the readers of these pages are able to use their 
tools, and that they possess some Htfle acquaintance with the 
internal arrangements of an engineer's factory. 

Of glueing, varnishing, the allowances for fitting and ma- 
chining, the taper on patterns for delivery in the sand, the 
use of cores and drawbacks, ^special tools, patterns for loam 
moulding, and so forth, we shall speak as occasion arises, 
thinking it better for the sake of variety to intersperse our 
remarks concerning these and other kindred matters amongst 
the articles themselves. It would be clearly impossible in the 
compass of a volume to instance every class of work and every 
contingency that might arise. "What we purpose to do is, to 
take individual patterns of representative types, and while 
describing these in detail, to discuss, as occasion offers, the 
general principles to be borne in mind in the construction of 
each class of work. By bearing these first principles in mind 
no real difficulty need be experienced in dealing with excep- 
tional cases, modified forms, and so on. 
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Jointing. — Pegging. — Bemarks on Turning Tools. — ^Mode of Use. 

We suppose we have to make a pair of cog-wlieels which, 
shall work correctly and smoothly into one another, and which 
shall neither look clumsy on the one hand nor break at the 
first occasion of stress on the other. Before attempting to 
make the pattern, then, we should draw the wheels out to full 
size. In the case of large wheels this is done on a drawing- 
board — not the board of the ofGLce draughstman, but the 
workman's board, made by laying several very dry pieces of 
stuff together edge to edge, and retaining them in place with 
battens screwed on the back. The face is then planed nicely 
over with a smoothing-plane, and whitened with chalk. The 
edges are shot straight and at right-angles with each other, 
so that a T-square may be used from either edge. There are 
dozens of these boards of various sizes in every well-appointed 
pattern shop, it being frequently desirable to retain drawings 
for reference imtil after the castings are made. It is usually 
the foreman's duty to strike out the work on the boards. Of 
course, perspective drawings cannot be available for measure- 
ment; hence working drawings must be projections, consisting 
of plans, elevations, and vertical and horizontal sections. AU 
save the simplest jobs should be struck out thus. This prac* 
tice will frequently prevent mistakes, and enable the work- 
man, by a clearer understanding of the details and relation- 
ships of mutual parts, to economise both time and timber. 

Given the drawing-board, there comes the important ques- 
tion how to design the wheels. Sometimes this is done in the 
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drawing- office, sometimes by the foreman of pattem-maters. 
Yet every ■workmnn should b© able to design his O'mi ivheela 
in a proper fashion. He will naturally also and properly 
regard the teeth as meriting the first attention. On the shape 
of these depends the smooth working of the wheels and in 
general their durability also. Teeth of almost any shape 
■will manifestly work together if sufflcient clearance or space 
between their contiguous flanks be allowed. Teeth may work 
together by a succession of jerks, or they may glide smoothly 
over each other's flanks in constant contact. Teeth of largo 
pitch may be relatively weak, while teeth of small pitch may 
be relatively strong ; each according to design. A^o a form 
of tooth suited for one class of work will not always be so 
suitable for another class. Hence the propriety of devoting 
to the forma and proportions of teeth a considerable amount of 
attection and care. 

There are two typical forms in use for the teeth of wheels, 
viz. epicycloidal and involute. There is also that close 
approximation to the true epicycloidal form known as the 
odoatograpb. The involute is only suitable for use where 
the wneel-sliafts have varying centres, as in rolling mills. 
In general engineering, the epicycloidal ia the best and most 
durable form of tooth, far preferable to any mere rule-of- 
thumb design. It ia strong, elegant, works easily, and lasts 
good for a long time — that is if it be struck out carefully 
and with proper judgment. Now, it ia the simplest thing in 
the world to strike out an approximate epicycloidal tooth that 
shall work with those of any other wheel, or any number of 
wheels, if one clearly understands the process. Before enter- 
ing, therefore, into the description of the construction of their 
patterns, it will be well tu explain the methods of the design- 
ing of cycloidal and involute teeth. 




As a matter of course, in a technical work no apology will b 
necessary for explaining the meaning of terms and things which 
are perfectly well understood by experienced workmen. There 
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are, therefore, a few terms wliieh I must explain before going 
further. *' Pitch-line" (Fig. 1, a) of awheel is its circum- 
ferential line of teeth cenlres, which is in contact with, but 
does not intersect, the pitch-line of the wheel into which its 
teeth work. Theoreticdly, the teeth are only an accident of 
the wheel, a form of construction necessitated by circum- 
stances ; the ideal wheels are supposed to work by the 
friction of their smooth peripheries, those peripheries being 
considered as coincident with the pitch-lines. ''Pitch" 
(Fig. 1, b) of a wheel is the distance from the centre of one 
tooth to the centre of its f eUow measured on the pitch-line, 
which distance must be constant all round; ''flanks" (Fig. 
1, c) are the sides of the teeth lying below the pitch-line ; 
"faces" (Fig. 1, d) extend from the pitch-line outwards; 
" root " (Fig. 1, e) is that portion of the tooth which meets the 
periphery of the rim; "point" (Fig. 1, f) is the opposite or 
extreme end of the tooth ; " cycloid " is a curve drawn by a 
point in the circumference of a circle rolling on a straight line; 
"epi-cydoid" is the curve formed without, hypo-cycloid : that 
formed within, the fundamental line or cirde. Epi-cycloid is, 
however, the general term applied to the teeth formed by a 
generating circle rolling without and within the pitch-lines of 
wheels and racks. The one essential condition in order that 
any two or more wheels of a set shall gear smoothly together, 
is that a single describing circle be used both for points and 
roots of each of the wheels in the set. Where two wheels 
only are designed to work together, we may select a describ- 
ing circle with a view to strength alone, a small dirclo 
spreading the flanks and making a broad root. But where a 
whole train of gearing is wanted, or where "stock" wheels 
are of necessity required interchangeable, the circle must be 
chosen with reference to the smallest wheel in the set, and 
must never exceed the radius of its pitch circle. "Where this 
radius is taken as the basis (usuaUy that of an eleven or 
twelve-toothed pinion) the tooth flanks become radial from 
the centre and the roots are weakened thereby. Still, as the 
roots can in most instances be strengthened by shrouding, the 
inconvenience is not so serious as it appears at flrst sight. 

In striking special pairs of wheels, of course it is not 
necessary to use the same describing circle throughout. It is 
in those cases only essential to bear in mind Ihat the same 
circle which strikes the roots of the wheel must strike the 
points of the pinion, and conversely. 

The working out of the curves necessary for every separate 
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wheel involves some little trouble and care ; and in order to 
lessen this, and to ensure more perfect uniformity of results, 
the late Professor WiUis, of Cambridge, invented the odonto- 
graph scale. This instrument furnishes the workman with 
approximate radii and centres for striking the faces and 
flanks of teeth. The annexed diagram, Fig. 2, represents the 
scale drawn to half full size, with some columns of small 
pitches omitted, and the method of its use is as follows : — 

Sajy for instance, we have a wheel of 24 teeth, 1^-inch 
pitch. We strike out the pitch-line, and the lines represent- 
ing the points and roots of the teeth, Fig. 3. Then laying 
down a distance equal to the pitch, viz. 1^ inch, upon the 
pitch-line, we bisect this ; which bisecting line will represent 
the side of a tooth. Draw 

lines from the points which C 

represent the pitch centres 

to the centre of the wheel ; / '-^'" T^^ ^--? 

call these lines A and b, and 

the line of bisection c. Now 

lay the slant edge of the scale 

against the line a, allowing 

the graduated edge at t (see 

Fig. 2) to cut the pitch-line 

there. Looking down the 

** scale of centres for the 

flanks of the teeth," we find 

opposite l^inch pitch and 24 

teeth the number 30. So we 

place one leg of the compass 

against 30 on the graduated 

edge, for the flanks of the 

teeth, and set the other to the 

point of bisection, c, on the pitch-Hue, and strike our flank, /, 

with the radius so obtained. We then remove the slant edge 

of the scale to the line b, allowing the graduated edge at t. 

Fig. 2, to cut the pitch-line once more. Looking down the 

l^inch column of ** centres for the faces of the teeth," and 

along the row marked 20 (that being the nearest to 24), we 

find the figure 9. The division 9, therefore, along the scale of 

centres for the faces of the teeth is the point whereon we set 

our compasses for striking that portion of the tooth above 

pitch-line, ^, and the radius is taken as before to the point of 

bisection in o. 

This scale is very useful, and a comparatively unskilful 
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workman may be intrusted with, its employment. "When 
radii are required for wheels not in the list, it will be sufS.- 
cient to take those intermediate between numbers given. The 
instrument is sold both in icard and brass at the price of a 
few shillings. 

We said that the involute form of tooth was only suitable for 
shafts with varying centres. Hence the pattern-maker is seldom 
required to construct this type of wheel. In these the path of 
contact of the teeth is always in the line of tangent to the base 
circle, and the outline of the tooth is, as its name implies, that 
developed by the unwinding of a cord from a base circle. 

Assimiing the pitch-circles of a pair of wheels to be given 
approximately (though we may say there is no pitch-circle in 




Fig. 4. 

the sense in which the term is used in cycloidal wheels) the 
way to proceed in setting out is as follows: — ^Assume a 
working depth of tooth below pitch-line, Fig. 4, a^ and strike 
a circle, J, concentric with the pitch-line on the larger wheel ; 
draw a tangent, t?, to that circle, cutting the pitch-line at dy 
and prolong it to about an equal distance beyond. From the 
centre of the smaller wheel strike a circle, e, cutting this 
tangent on the prolonged line, and this circle will give the 
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working depth of the cogs of the smaller wheel. Bottom 
clearance, /, /, must be given below these base-lines. 

The tooth flanks may be marked by a needle point stuck 
in the edge of a strip of wood, the latter being rolled aroimd 
the base circle, just as a piece of string might be imwound 
from a cylinder. The curve being thus foimd, an approxi- 
mate radius might be taken, and all the flanks struck h*om a 
line of centres. The centre for such a radius will be foimd at 
about one-fourth of the distance from ^ to (^ on the tangent 
line, or at h in the larger wheel. 

If we find on trial that the points of the teeth of the wheel 
fall short of the base -line on the pinion, we must bring the 
base-line of the wheel nearer to the pitch circle, thus giving 
a higher angle to the tangent line, and in consequence pro- 
ducing a shorter tooth. The length of tooth is thus confined 
within certain narrow limits, and we may have to make two 
or three trials before we strike a fair average shape. 

Eetuming to our cycloidal teeth, in which the interest of 
the pattern-maker chiefiy centres, we require a fixed and 
uniform scale for their length. To some extent this is arbi- 
trary — or perhaps we should say, experience has indicated the 
proportions which now obtain among engineers. The longer 
the tooth the weaker it becomes ; but a short tooth, on the 
other hand, has less wearing surface. 

The dimensions of wheel-teeth are invariably given in pro- 
portions of the pitch. These proportions embody the results 
of practical experience. Though different tables vary slightly, 
it is preferable, when a scale has been once adopted, to adhere 
uniformly to it. A scale can be constructed witii a little care, 
and if preserved will save the trouble of marking out fresh 
proportions whenever a wheel requires to be made. Take a 
j)iece of paper and glue it on a board about 16 inches by 
4 inches. When dry, line it out as in the diagram (Fig. 5). 
Divide one end into 15 equal parts ; let lines from these divi- 
sions converge to a point 12 or 15 inches away. Now draw 
lines across of certain fixed lengths — J- inch, J inch, 1 inch, 
and so on — and also lines for the odd eighths, 4 inch, f inch, 
&c., intermediate in position. These lines will represent the 
various pitches that may be required. Let them advance thus 
from i inch up to 3 or 4 inches. Now, on this scale the whole 
depth of tooth is represented by 12 divisions, the depth from 
pitch-line to root by 6^ divisions, and as a consequence the 
depth from pitch-line to point by 5 j- parts. It is obvious that 
it the teeth were equidistant above and below the pitch-line. 
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the points of one wheel would grind in the roots of the other. 
Hence the reason of hottom deatance. The thickness of the 




teeth is taken as equal to 7 parts. That leaves one part for 
£ank clearance between contiguous teeth. These ^Tieitms 
may be indicated by deeper lines on the scale. This is a oon- 
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Tenient and handy form of scale, and the proportions are good. 
Some authorities give rather more, some rather less, others 
give ratios varying slightly in the case of large and small 
wheels. A comparison of the proportions given in the works 
of Box, Unwin, Molesworth, and D. K. Clark will show 
some slight variations. It is of no consequence, however, 
which be adopted, so that the same proportions are always 
adhered to. 

For the sake of clearer illustration, let us assume that we 
have to make a wheel of 75 teeth and IJ inch pitch, to gear into 
a pinion of 23 teeth. Our wheel will then be 2 feet 5i inches, or 
for convenience say 2 feet 6 inches diameter upon the "pitch- 
line," and its pinion 9J inches. Divide out the pitch circles 
struck in contact on the drawing-board into corresponding 
nimibers of points — ^namely, 75 and 23 — by means of the 
"spring dividers," the screw on the dividers permitting of 
more delicate adjustment than the ordinary quadrant com- 
passes. 

Now apply the proportions of the tooth scale to the wheel 
and pinion alike. Take 7 parts where the 1 J-inch line cuts 
the scale ; that will be the thickness of our teeth. Take 5J- 
divisions on the same line ; that will give the length of the 
points of teeth. Take 6^ parts, also upon the same line, and 
that will give the depth from the pitch-line to the root. 

Having thus obtained length and thickness, we will pro- 
ceed to strike out the teeth, and having 
already explained how to use the odonto- 
graph, we will now instead find our own 
cycloidal curves. Get two bits of wood 
an eighth thick, cut the edges of one to an 
inside and outside curve respectively, of 
the same radius as the pitch diameter of 
one wheel (Fig. 6) ; cut the other piece 
in like fashion to the pitch diameter of 
the other wheel, and lay one edge of each 
eweeped piece on its respective* pitch-line. 
Now make a number of discs ranging from 
1 inch up to 6 inches, advancing by a J inch 
in diameter. Drive a needle into the 

edge of each at an angle of about 45° 

(Fig. 6), allowing the point to project be- j^ g 

yond the edge sufficiently to make a scratch. 
These are l£e rolling or generating circles, for the formation 
of the epi- and hypo-cydoidal curves. Take one of the discs. 
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tearing in miad the remarks made in tlio last cLaptet relatiya 
to the choice of the generating circle, place the point of the 
needle against the inner edge of the sweep, and roll the 
dific along, exerting a gentle pressure downwards at the same 
time. The needle point wOl describe the flank of the tooth 
telow pitch-line (Fig. 7, a). Obvioualythe diameter of thediac 
will regulate the breadth of the tooth below the pitch-line : a 
small disc will Bproad the flanks, making the root Teiy broad ; 
a large disc will make them inconvenientty narrow and weak. 
For &ia wheel a 25 or 2J-irich disc will give an elegant and 
strong root, and a disc of this size will be suitable for a constant 
describing circle for wheels of this pitch, taHng a pinion of 
twelve teeth as the smalleat of a set. Having now got tha 





curve for the flanks of the teeth lying islow the pitch-line in 
the large wheel, use the disc which generated them to strike 
the faces of the pinion teeth lying without the pitch-line. For 
that purpose lay the outer pinion sweep on its pitch-line, and 
roll the disc as before. The edges of the templets will now be 
reversed, and the faces of the wheels (Fig. 7, b) and the flanks 
of the pinion will be generated by the same circle. It may 
be noted that these curves, thus generated, are not perfect 
arcs of circles, but so infinitesimal is the deviation, that they 
are in practice struck with a compass. For having found, 
by trial, a centre for the befit approximate radius, the flanks 
of all the teeth are struck uniformly with that radius. To 
insure accuracy in these centres, a lino is struck from the centre 
of the wheel, passing through the centres of all the radii. 

Wheels marked out thus are in constant contact, the flanks 
of the teeth roll smoothly one over the other, and a very small 
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amoTint of clearance is necessary. Working easily, and being 
free from shock, they "will last much longer than wheels made 
by rule-of -thumb practice, and will also produce less noise. 
We have considered our wheels as a portion of a set, and 
have therefore used the 2|-inch circle for faces and flanks 
alike. But in making special pairs of wheels we can use two 
circles with advantage. Thus, if we wanted a very strong 
pinion, we might take a describing circle much smaller than 
the pinion radius, and so spread its roots. In making bevel 
wheels, which can gear only in pairs, we can adopt this expe- 
dient very well. Also in making a new wheel to gear with 
an old and perhaps badly shaped one, we shall discover first 
by trial what circles will strike the flanks and faces of the old 
one, and make our new one to correspond. 

With respect to thickness of arms, rim, boss, &c., rules are 
somewhat arbitrary. Something will also depend on the special 
work the wheel has to do. But commonly these are also given 
in terms of the pitch, modified by diameter, breadth, diameter 
of shaft, &c. The number of arms in a wheel between 10 or 
12 inches and 2 feet in diameter may be four ; under 10 or 
12 inches the wheel will be a plated or disc wheel. But this 
also will depend on pitch, for a 2-feet wheel of ^ae pitch 
should have half-a-dozen arms, while a wheel may be plated 
up to 2 feet in diameter if it be of a 3 or 4-inch pitch, and is 
carried by a large shaft. Prom 2 feet to 6 or 7 feet in diame- 
ter a wheel should have six arms ; but if of larger diameter 
than that it should have eight or ten. The width of the arms 
measured nearest the rim may be roughly taken at twice the 
pitch; but the following formula from Box on ** Mill-Gearing*' 
is preferable : 

7-34 X P X W X V>r T.2 

A =^ 

Where 

7*34 is a constant multiplier, 

P = pitch, 

W =: width of wheel, 

N = number of pinions which wheel has to drive, 

A =: number of arms. 

The arms taper from the boss towards the rim about J inch 
in width for every foot of length. The thickness of the arms, 
as also of the rim, should be the same as that of the teeth. 
The ribs, or cross-arms, should be half this thickness, and be 
slightly tapered towards their outer ends. The boss in small 
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wheels should be twice the diameter of the bore ; but beyond 
a bore of 3 or 3^ inches this would make the metal excessive. 
Then this formula may be used : 

8 = r + id. 



Where 



S =: thickness of metal in boss, 

J" = a constant, 

d = the bore of the wheel. 



The length of boss should be greater than the breadth of 
the wheel to ensure steadiness on the- shaft, and may be 
obtained thus :— ^ ^ b + 0-06 E. 



Where 



L = length of boss, 
B = breadth of wheel, 
B = radius of wheel. 



The breadth of tooth is purely arbitrary, but it frequently 
bears some relation to the pitch, from three to three and a half 
times that measurement being Ihe commonest proportion. We 




SECTION. 

Fig. 8. 



will plate the smaller wheel of the two with a disc having a 
thicmess of one-fourth the breadth of tooth. Our wheels will 
therefore have the accompanying dimensions (Fig. 8), to which 
dimensions we now proceed to make the patterns. 
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Anyone "who has had the least experienee in woodwork- 
ing knows how stnJff which is even moderately dry will 
shrink and warp out of truth after having been opened out 
to the air. In a newly-cut surface, either desiccation or 
■absorption of moisture will occur, depending upon the con- 
dition of the timber and the state of the atmosphere. And 
when wood warps, curvature in the direction of its breadth 
always takes place. Further, wood is only strong to resist 
transverse and tensile strain in the transverse section of its 
fibres ; hence ** short grain " must be avoided, as well as wide 
unstayed superficies in patterns. For these reasons many 
patterns are, in workshop parlance, ** built up," and so the 
rim of our wheel will be built up in courses, or layers of 
segments. In this case the rim being 3 J inches wide, there 
may be four courses of i| inch thick, or five courses of full 
t inch each. Let it be noted that the greater the number of 
courses, the less liable is the pattern to warp or to become 
disjointed by rough usage. A ring built up with a large 
number of these segments is like the old man's bimdle of 
sticks in the fable. 

Where the wheel is marked out in ''section," take the inner 
and outer diameters off the drawing with a pair of beam 
compasses, more commonly called "trammels," and describe 
a template segment on a thin piece of board, allowing J inch 
both inside and outside for turning off, and i inch at each 
end for jointing. In wheels of less than four or five feet in 
diameter let six such segments go to the circle ; if larger than 
that, have eight or ten. Now mark out the necessary number 
of segments from the one thus obtained, and saw these roughly 
to shape with a bow, compass, or band saw. The next matter is 
to face up a wooden chuck true, and glue the first set of seg- 
ments upon it. This first set must not be glued directly on the 
chuck, but to strips of paper glued, one side to the chuck, 
the other side to the segments. This prevents the wood from 
splitting away when the finished pattern is lifted from the 
plate, for the paper, though strong enough to retain the ring 
in place while being turned, splits through the middle when 
the pattern is lifted with a chisel. 

Allow this first course of segments to become properly dry 
and set; then, with a turning-gouge, just skim off the rough 
surface of the wood. Then take a firmer-chisel, and scrape 
I2ie surface smooth and level, This is most essential, as the 
beginner wiU learn when trying to joint the next course. A 
wooden straightedge must be chalked and passed over the sur- 
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face from tiniB to time, the projecting parts of the work being 
reduced as indicated hy th echalk. When a straight nn- 
broken line of chalk becomes transferred from the straightedge 
to the face of the ring, tha surface is true, and ready for the 
next layer. Chalk over this faced portion, and fit to it the 
next course of sweeps, using a trying-plane, finely set. Plane 
the ends of the segments from the edge 
of a shooting board, or saw them with 
a fine tenon-saw. Glue them down, 
" ing care, as in all glued joints, to 
I wort out all superfluous glue by rub- 
J bing and pressure combined ; and have 
/ the glue newly made and rather thin. 
The end joints must overlap — that is, 
they must come one over the other alter- 
nately, like bricks in a wall (Fig. 9). 
The further security of the joints may 
be insured by fastening them either 
3 with nails orpegs, the latter mode being 
3 preferable. Nails have an unpleasant 
way of bending aside, and appearing 
just where they are not wanted. Pegs 
will hold as well as nails and cannot damage a sharp tool. 
The pegs ahould be split, not sawn, out of pine, and tapered 
and driven tightly into the segments through bradawl-holes 
bored for their reception, and they may be touched with glue 
to increase their adhesion. 

Having completed the building-up prooesa, now turn the 
ring, roughing with a turning-gouge, and finishing with a 
firmer-chisel, diamond-point, and round-nose. 

A word about these turning-tools. The multitude of tools 
used by amateurs and ornamental turners have no place in the 
pattern- maker's kit. Gouges, side-chisels, firmer-chisels, 
round-nosed tools, and diamond-points, each in two or three 
difierent sizes — these are all which are ever required. Beyond 
a plain moulding, anything artistic in the pattern-shop is 
seldom wanted. 

The gouge used by turners is a stout tool, ranging from 
I inch to IJ inch in width. Tho i-inch and the J-incharethe 
most useful in general pattern- turning. In common with all 
turner's tools, its handle should be long, say, a couple or 
three inches longer than the tool itself. Much depends on the 
way in which it is ground. A gouge ground like Fig. 10 will 
'o very well for quickly roughing down a long parallel but- 
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face ; but for a moulding, or even for our wheel, it would be 
utterly unsuitable, because of the readiness with which its 
comers would catch in the work. ;Whatmore trying to temper 
and patience than to see a piece of work, when all but 
finished, disfigured by a *' kick " of the gouge at the last cut, 
or knocked out of truth by the force of the sudden arrest ? 
But by grinding the gouge as shown in the second figure (Fig. 
11), and holding it slightiy sideways, round and hollow por- 
tions of work, and small comers, may be turned safely and 
quickly in half the time that would be occupied by an 
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unskilful workman in scraping to shape with round-nose and 
chisel. Note also the double-bevelled obliquely-ground 
chisel (Fig. 12). The obliquity need not be very great. 
It is used as a shaping and parting tool ; but it shomd be 
ground thin, and be held very firmly in the hand when in use 
as a shaping instrument. Gripping the handle in the right 
hand, pmce the forefinger of the left hand imdemeath 
the rest of the lathe, and clasping the tool between the 
last three fingers and the thumb of the same, turn, with 
the edge incUned at an angle with the axis of the work, 
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cutting nearer to the obtuse than to "the acute-angled end of 
the chiael. For work of less than 3 inches diameter, a side 
chisel is a dean and easily used tool; but work of larger 
dimensions had better be scraped with the firmer-Ghisel, which 
must be ground to a more obtuse angle than is required for 
common paring purposea. 

For working hollow radii, the round-nose in Fig. 13 ia naeful 
either to clean and finish what the gouge has roughed out, or 
to work a hollow where it would be inconvenient or unsafe to 
attempt a gouge cut. This should also be ground somewhat 
obtusely. A stiff l-ineh coaclimaker's or a mortise-chieel 
makes a capital round-noae, the superiority of each over a 
flrmer-ehiBel consisting in their greater rigidity. For finishing 
holes, or for cleaning up the inner parts of small cylindrical 
work, where a square-ground chisel would not enter, the 
diamond-point or aide-tool ia uaed (Fig. H). This is ground 
to any angle, but a very acute one is preferable, because it 
will then embrace a very wide range of holes. 

All these tools should be kept sharp. It is a mistake to 
suppose that turning-tools do not not need so much care in this 
particular aa bench tools. Certainly a dull instrument, whicli 
would bo useless on the bench, can be made to scrape in the 
lathe. But no amount of scraping and glasspapering will 
compensate for the evil of badly sharpened tools. The time 
spent in keeping them in good order is more than saved by 
the workman. 

Lastly, hold all turning-tools very firmly in the hands. A 
feeble or unsteady grasp will produce mischievous results, as 
the tyro early learns by woful experience. Wood-turning ia a, 
beautiful art, and although there is no scope in the pattern- 
maker's occupation for its higher developments, it should 
be every workman's aim to render himself an adept at the 
lathe, and to turn out his work with a finish that would yield 
credit to a professional turner. 



OHAPTEE m. 

SPUR GEARING. 

Taper in a Wheel Rim. — ^The use of Varnish. — Methods of making Teeth. 
— ^Working Teeth in place. — Dovetailed Teeth. — Block Templets. — 
Their comparatiye Merits. — Glasspapering. — Locking together ;of 
Wheel Arms. — Boss and Ribs. — The use of Hollows in Castings. '"^•^ 

We will allow the slightest possible amount of taper on the 
outside of our ring, where the teeth are to be fastened — not 
more than -gV inch in the diameter. If we give an excessive 
amount of taper here, the teeth of the wheel wiU be working 
on their comers, and the stresses will be concentrated there 
instead of being distributed equally along the entire flanks. 
But on the inside of the ring we can give as much taper 
as we choose, without weakening the efficiency of the wheel. 
So there we will give J inch in the diameter. The cor- 
rect way to check the outside is, after having ''faced" the 
ring, to hold a straightedge to that face, and take that as 
a base from which to test the accuracy of the rim by means of 
a set square slid against it. If the square be true, the 
amount] oy which the periphery of the wheel ring deviates 
from contact with it will indicate the amount of taper in the 
ring. The taper of the internal diameter can afterwards be 
measured -by calipers. 

The better class of patterns are varnished with shellac 
vamish, made by dissol^g shellac in methylated spirit or in 
naphtha. Two or three successive layers are applied with a 
brush, each layer on drying being glasspapered down before 
the application of the next. This varnish answers two very 
useful purposes. To a great extent it prevents the moisture 
in the foimdry sand from penetrating into and swelling the 
pattern out of proper shape ; and also, by coating its surface 
with a smooth and glossy sMn of shellac, facilitates its with- 
drawal from the mould, which process, in a roughly finished 
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pattern, often breaks away or tears up the Band in patches, 
thereby entailing extra work upon the moulder. Therefore 
our rinff will be varnished all over except on the periphery, 
where the teeth are to be fastened. 

There are three principal methods of making the teeth. 
One is as follows : — Blocks of wood are sawn out, rather 
larger each way than the teeth, and glued round the peri- 
phery of the ring, the centres of the blocks coinciding with 
the intended centres of the teeth. When thoroughly set these 
are turned off flush with the faces of the ring, and to the same 
diameter as the points of the teeth. Sometimes wedge- 
shaped slips are fitted between the 
tooth blocks before they are turned, 
but a eareful workman can diapenae 
with these safeguards. The teeth 
are then pitched, and struck out in 
position on one face of the wheel 
(Fig. 15). A few pitch centres are 
then prolonged to the edge, and squared over to the other 
face, which is also pitched out in like manner. The teeth are 
worked through with gouge and chisel. 

Another method is to cut a number of dovetail-shaped 
grooves round the ring, cointiidont with the intended centres 
of teeth, to fit dovetailed slips into these, then to glue and 
brad these slips on the roug;h blocks intended for the teeth 
(the slips, of course, being temporarily removed for that 
purpose)- These blocks, then, held in position by the dove- 
tails, are turned and marked out in position in the usual way, 
but being attached to the movable dovetaila are afterwards 
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readily knocked out, and worked to shape with planes 

of with gouge and chisel. They are returned when finished 

to their places, and glued in finally (Fig. 16). 

The third method is to make a block of hard wood, with 
one edge worked to the shape of the tooth, and notched out 
in the middle to just its required length and width. Into 
this templet the blocks intended for the teeth are driven and 
there planed to shape, the plane being guided accurately by the 
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contour of the hard wood (Fig. 17^. These teeth are then 
set to the centres pitched out on tiie ring, either by one of 
their edges or by a centre line marked on each of their ends, 
and -wMLe the glue is still wet they are adjusted more 
minutely by means of calipers and square. 

Another method useful where only a few teeth are required, 
as for a pinion of from ten to twenty cogs, is the following 
(Fig. 18) : — Get a piece of wood long enough to embrace the 
radius of the pinion, strike a single tooth upon it near one 
end, with the necessary centres, then cut out a notch suffi- 
ciently wide to embrace the root of the 
tooth. Plane the stufi intended for the 
teeth quite parallel to the width of 
this notch, square one edge, and cut to 
length. Drop each end of each tooth 
block in succession into the notch in 
the board, and mark out. The rigidity 
of the centres will ensure their being 
all marked alike, and they can be 
worked to shape with planes. 

Of these four methods, the first is 
very accurate, owing to the teeth being 
pitched out in place ; but there is the 
serious disadvantage involved in the 
use of gouge and chisel instead of the 
plane. Very much time is occupied, and 
in the hands of a clumsy workman the teeth will become hol- 
lowed and rounded, and will show angularites which will 
interfere more or less with their easy moulding and their even 
working. The second system is undoubtedly the best, as it 
combines complete precision in marking out with perfect accu- 
racy in shaping, and the time occupied in dovetailing is saved, 
or very nearly saved, in the operation of working to shape 
with llie plane instead of with the gouge and chisel. Still, it 
is an expensive method, and except in the case of wheels 
requiring great perfection, or in standard patterns which are 
to be constantly in use, is an xmnecessary expense. The 
third and fourth plans are the cheapest, and are sufficiently 
good for ordinary work. The teeth having been worked in 
the block, are, as before mentioned, glued on the centre lines 
marked across the rim of the wheel, and checked with square 
and calipers before the glue is set. The square is tried along 
the flanks of the teeth, to see that they are at right-angles 
with the faces of the wheel, and the calipers are tned across 
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from one tooth to its nest fellow on the pitch-line, to ii 
uniformity ia their pitch throughout. When the teeth are 
set firmly, clear away the superfluous glue with a ohiael ; 
secure them permanently by driving a couple of brads 
through each into the rim ; punch in the heads of the brads, 
and £31 up their heads with a mixture of chalk and ahellac- 
vamish, or of putty. Then proceed to glaeapaper. This 
requires to be carefully done. Make a rubber shaped on one 
side like that portion of the flank of the tooth below pitch- 
line, but the reverse way, and let the other side be flat. 
LajTng the glaaspaper on this, rub the flanks across the 
grain, and take care that thd rubber beds firmly against the 
teeth whilst in use, else the glasspaper will injure their 
shape by making them rounding. The teeth should be 
tapered slightly for delivery, but so slightly that bearing 
a trifle harder oa the down side than on the top with the 
glaeepaper will make sufficient taper in a shallow wheel. In a 
deep wheel the teeth should be marked out a little larger on 
the top than on the bottom side, only, however, by the thickness 
of two or three shavings. When glaBspapered, apply vamish, 
nibbing down each coating before appljicg its successor. 

Now take the arms. Plane up three strips of wood, each 
as long as the diameter of the wheel, as tluck as the arms 
are intended to be, and wide enough to include the radii by 
which they curve into the rim. Nest sot a bevel to 60°, 
and with this bevel laid against the edge of one of the strips, 
describe two lines the width of a strip apart, and equidistant 
from the centre of the piece. Divide the thickness into three 
parts, and gauge and cut out two such parts from the central 
space included between 'the bevelled lines just marked. This 
recess may be roughed out with a paring-gouge and chisel, 
and finished with a rebate-plane (Fig. 19, a). Nowtake the 
second of the three strips, mark two bevelled lines as before, 
but gauge and cut out one-third only of the thickness of the 
strips (Fig. 19, n). Drop the two pieces together, and they 
will be flush top and bottom. Take the third piece, and mark 
four instead of two bevellad Hues upon it, crossing one 
another, which lines will of course meet in. the longitudinal 
centre of the strip. Gauge and cut out two-thirds thickness 
between these lines (Fig. 19, c), it will then drop oyer the 
edges of the other two pieces. Place this arm in position, 
and mark two lines coincident with its edges upon the two 
arms previously locked together. Then cut away the wood 
between these two lines (Fig. 1 9, d and e, e) a third deeji, and 
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drop piece c in place. On the stuff thus framed together now 
mark out the six arms (Fig. 20), take apart and work; and glue 
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Fig. 19. 



together finally, then let into rim. Cut the ends of the arms, 
say, J inch shorter than the diameter of the rim'; lay them 




on the back of the wheel, and mark, from their ends and 
adjacent sides, half-a-dozen recesses on the rim, to be cut out 
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to a depth eqnalliii^ tlie thicloiesB of the arms. Into these 
theywUl be dropped, glued, and ecrewed. 

Noir turn a boss for the wheel-centre, and eerew it in place. 
Fit the half-dozen ribs between the boes and the interior of 
the rim, screwing thom through the arms from the back. Or 
these ribs may be locked together similarly to the arms, and 
the boss fitted over and between them. This would give 
greater rigidity to the wheel-centre. 

Our wheel might now be considered finished but for one 
little matter, which is of more importance thftn it might aeem 
at first sight. A good engineer will always endeavour to 
avoid sharp comers, therefore it is customary to put what are 
termed "hollows" in the best patterns. These a 
strips of wood worked out to the annesed section. 
Where they are not actually put in the pattern, the 
moulder cuts them in the sand with a special tool. 
The reason why sharp comers are avoided is this : — Cast-iron 
always crystallises at rigbt-angles to the surface against 
which it is cooled. Hence a ring will be the strongest form 
of casting, because the crystals mil all radiate aynunetrically 
(Fig. 21). But take a right-angled figure (Fig. 22) : 
obviously there will bo a break of the crystals just in the 
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angle of the easting, forming a permanent source of weakness. 
Invariably, other conditions being equal, the casting will give 
way here before anywhere else. Put a hollow, however, in 
the angle, and tho crystals will form without any line of 
separation (Fig. 23). 

For this reason many of the beat wheels are made with 
hollows at tho roots of the teeth, for here the action of 
leverage on the tooth induces tho greatest stress. And it 
should be laid down as a rule that sharp comers in all cast- 
ings subject to much stress ahould be avoided. In the case 
of a wheel, we shall put the hollows in the pattern. Plane 
up some strips of wood, say ^ inch square and two or three 
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feet long, lay them on an angle-board, and with, a round 
plane, about No. 10, hollow them out in a diagonal direction, 
then cut them off to required lengths, and glue and brad in 
position. 

All that now remains to be done is to fill up aU screw and 
brad-holes with a mixture of chalk and varnish, or putty ; 
glasspaper and varnish ; put on a core-print in the centre of 
&e boss on the down side, and a rapping plate or two on the 
top side of the pattern. 



CHAPTER IV. 

BEVBU WHEEI^. 

Principle of Bcvel-wheeU. — Mode of Btriking out. — WheeU in Section. 
— Projection of Teeth. — Boilding.up of tlio Bim. — Turning with 
Templets. — Gletting Centres for the Toath, 

The making' of a bevel-wheel involves the exercise of rather 
more skill than the making of a spur-wheel. In the case of 
the former there are two diameters, a larger and outer, and a 
smaller and inner diameter. The pitch and pitch diameters 
are reckoned on the outer or larger diameters of these wheels. 
The size of the inner or snnaller diameter, and the pitch- 
centrOH on that diameter, will be controlled entirely bj the 
breadth of the wheel, a Tide tooth manifestly making the 
inner cirtle smaller than a narrow tooth would do. The 
same remark of course applies to mitre-wheels, which are 
simply bevels of equal diameter set at an angle of 90°. The 
one essential point to remember in these wheels is that all 
lines representing tooth-flanka, thicknesses, lengths of radii 
for striking curves of teeth, &o., converge to the eommon centre 
of the wheels. 

For the worting drawing we strike out a sectional view 
(Fig. 24). Mark the pitdi- diameters on the drawing-board 
at right-angles with each other if the wheels are to work at 
right- angles ; at the proper bevel if at any other angle. 
Where the ases of these pitch- diameters intersect will 
he the common centre of the wheels towards which the lines 
converge. Project, therefore, these pitch-lines to the common 
centre ; upon them mark off the breadth of the tooth, and 
there draw a line at right-angles to the pitch-line. Now 
measure off the distances above and below piteh-line on the 
larger diameter of wheel, thence draw lines towards the centre 
as far as the inner diameter of the teeth. The distance be- 
tween these lines there projected will represent the length of 
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tlie tooth on the small diameter. In like manner, indicate 
the tUehteM of the tooth on the outer circle ; that dimension 
Bimilarly projected will give its thickneea on the inner circle. 
And when afterwards the radii are found by which the flanks 
of the teeth are to be struck, the lengfths of these radii pro- 
jected to the inner cirde will be those used for striking the 
Hmall ends of the teeth. 

A word about the projection of the teeth to a plane surface. 
Manifestly the pitch-diameter of a bevel-wheel will not 
show the teeth on a flat surface. Looking at such a wheel 
in plan (Fig. 25), the faces of the teeth will not form a right- 
angle with the eye, but some other angle dependent on the 
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obliquity of the wheel-teeth. The correct method, therefore, 
to strike out the teeth is as follows : — 

Project the line which represents the axis of the wheel to a 
considerable distance outwards, then draw a line at right- 
angles with the pitch-line, and coincident with the outeide 
faces of the teet^ prolonging it until it cuts the projected 
centre-line. The distance from this intersection to the pitch- 
line on the outer diameter will give the projected radius of 
the larger diameter of the wheel. The same method adopted 
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in the case of the smaller diameter will give the proper 
radius for that also. On the arcs struck by these radii use 
rolling cirdefi exactly as in a spur-wheel. The same rules 
also will apply to the general proportions of hevel as to those 
of spur-wheels. 

Having struck out our wheels in section, the next care will 
be to buUd up the ring. Evidently the segments of which it 
is composed will not be built vertically one above another. 
They will overlap as shown in sketch (Fig- 2fi), and should 
be pencilled in that position on the sectional drawing to guide 
the, workman when sawing out. 
The ring being built up, accord- 
ing to Sie instructions given in 
Chapter II., the turning becomes 
Et matter requiring care. la this 
case we must make teroplets (Fig, 
27). We shall turn the outer 
face on which the teeth are to be 
fastened first. Face lie wheel and 
Btrikethe diameter a first, taking 
it with compass or trammel from 
the board. Make templet b by the board also ; then patting 
a straightedge acroas the level face, turn the outer bevel of 
until the templet is coincident with the face of the 
id with the bevelled wheel face 
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ring is taken off the chuck ; but if not, it will now require to 
be chucked for the purpose of turning the other side. This 
will be done by running a shallow groove, say i inch deep, 
in the face-plate, into which the portion of the rim marked 
A wiU fit, and screwing the rim. into this groove from the 
back of the plate. The back, or inner face, will then be 
turned with straightedge and templet, as indicated at d. 
Here the advantage of pegs over brads will be apparent, for 
they will come through the bevelled segments everywhere, 
without being detnmental to the tool edges. 

The arms may now be locked together, as in the spur-wheel 
pattern ; but we shall not be* able to recess the ring for their 
reception, so must simply fit them to its internal diameter, 
and secure with glue and screws. The hoUow sweeps coming 
into the angles, being fitted afterwards, wiH give mem addi- 
tional support. The boss and the cross ribs will be made 
also as in a spur-wheel ; but it will be more favourable for 
moulding if they are left loosely dowelled on the arms, instead 
of being screwed permanently. The reason is that while in 
the spur-wheel the ribs are downward in the mould, in the 
bevel-wheel they are uppermost, in order that the teeth, where 
the soundest metal is wanted, shaU be cast downwards. 

Fastening the teeth on the rim is a trifle more difficult than 
in the case of a spur-wheel, because the square cannot be 
brought into requisition. Proceed as follows :— Having 
pitched the outer circumfer- 
ence of the wheel for the pro- 
posed number of teeth, raise 
a perpendicular line with 
compasses as shown in dia- 
gram (Fig. 28). This being 
normal to the circumference 
wiU be radial witii the cen- 
tre, and as the teeth con- Fig. 28. 
verge to the centre wiU be a starting-point from which to 
pitch out the inner circumference. Four or five of these per- 
pendiculars shoxdd be raised at regular intervals, so that the 
liability to error in marking out may be reduced to a minimimi, 
and almost neutralised by taking the average of the whole 
series. The inner circumference pitched out, it only remains 
to work the teeth in a block, to mark centre lines upon their 
ends, glue and secure them in place, clean and varnish. 
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WOKMS AND WOKM-WHEELS. 

Hdw to fitrike ont. — With Cirulos.— Witli the Odontogwiph.— Pattern of 
Worm. — Templet ot Diagonal Lines. — Sroda of cutting Worm, — 
Building the Wheel.— Jointing.— The Teeth. 

It is not an easy task to make wheels of thia clasB so that 
there shall be continuous contact between the teeth in every 
portion of their flanks in succession. Comparatively few are 
found to fulfil this conditdon, most worm-wheels touching 
only round their central portion. But continuous contact is 
not of so much importance in these as ia spur-wheels, for 
almost any worm-wheel will work smoothly, simply because 
there are several points of contact between the worm and its 
wheel in gear simultaneously, while in spur-wheels we have 
seldom more than two, frequently only oue tooth, in actual 
gear all the time. 

To strike out a worm and its wheel proceed thus. "We 
require, we suppose, a worm-wheel of 112-inch pitch-diameter, 
of 26 teeth, by 2 inches wide, to be driven by a worm of 
S-inch diameter. The pitch wiU be IJ inch. Draw then a 
straight line 9f inches long (the circunaference of 3 inches), 
1^ inch out of perpendicular (Fig 29). This will represent 
the bevel of the wheel-teeth, and a length of 2 inches measured 
on this line will give the amount of inclination of the centre 
lines of these teeth. I>raw out the teeth in section. Two 
sections of the pair must be drawn, one horizontal (Fig- 30), 
cutting the teeth across the centre, the other vertical, taking 
them iengthwiBB (Fig. 31). The teeth in the horizontal section 
win bo struck out as in an ordinary wheel and rack, the worm 
itself answering to the rack in this respect, that the base-line 
for the generating circle will be straight instead of curved, 
and if struck with the odontograph scale the slant edges wUlbe 
placed against linos drawn at right angles with the pitch -line. 
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The outline of the vertical section will be decided by the 
diameter of the worm. Strike the 3-inch pitch-circle from the 
worm-centre — ^that circle will also give the proper vertical curve 
to the pitch-line of the worm-wheel. Set off the depths of the 
teeth above and below pitch- line, as explained in Chapter II., 
and strike the lines representing these, both in wheel and 
worm, from the worm-centre. 
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Fig. 29. 



Making the pattern of the worm first, joint two pieces of 
stuff together with dowells, of such a size that when turned 
with the joint exactly in the centre they wiU hold up to the 
diameter of the points of the thread. Secure them while in 
the lathe, eillier with a screw at each end (see page 160) or by 

D 



34 FATTEBN-UAXINO. 

a couple of the centre-plates wMcli are in common use in 

Kttern- shops. Now turn to the required size in dituaeter and 
igth, not forgetting the prints at the ends, vhich in thia 
caee will not require taper at all, because the; vill not mould 
TertieaUy, but in a horizontal plane. 

There are two methodfl of marking out a screw or wonn 
upon the plain turned body; one— of ■which we wiU apeak 
when we come to talk about large acrewa — is by the proj ection 
of equally divided linea ; the other is by means of a number 
of diagonal lines marked on paper, and fastened round the 




wood to be cut out sto^w-shape. This latter is the one wo 
will adopt for our worm, as being readier of application in so 
small a pattern. 

The diameter of the worm outside the teeth is 4 J inches ; its 
length, say, 4}- inches. Get a piece of paper 13 x 4J^ = cir- 
cumference and length ; on this mark diagonal linea Ij- inch 
out of perpendicular and IJ inch apart = the pitch of the 
worm. Then another set of diagonals parallel with these, 
and at a distance from them equal to tie thickness of the 
teeth at the point (Fig. 32). Glue this paper round the peri- 
phery of the turned block, and the inclined planes will develop 
me outliue of the worm (Fig. 33). It only remains to make 
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a templet fitting between the teeth we have marked on the 
board, and to use this templet as our guide in working out 
the space between the screw points (Fig. 34). That portion 
of the templet which corresponds with the points of the spiral 
must be kept parallel with the points in working, since, if it 
is suffered to slope, the shape of the tooth will be affected 
thereby, and we fiJiall get it unsymmetrical. It is best worked 
in the lathe between centres, the inter-tooth space being cut 
away with saw, chisel, and paring-gouge. 

The wheel will be built up in the usual way, but it must be 
made in two halves, parted horizontally, and doweUed together. 
The reason of this is obvious. A pattern with projecting 
edges could not be drawn from the sand, therefore we must 
make it in two parts, jointed in the narrowest portion of the 
diameter. The moulder then uses a three-parted box, so that 
while the two end faces of the teeth are in the top and the 
bottom boxes, the teeth themselves are contained in a middle 
ring of sand. 

The worm-wheel being rather small, a plated centre wiU 
be more suitable than arms. It is not advisable to make the 
centre plate of solid stuff, which will almost certainly shrink 
in the course of time. It should be built up in at least two 
thicknesses of segments for each half. Or the plate might 
be built up to its entire thickness, and the ring only be parted 




Fig. 35. 

through the centre, the shouldered portion acting as a dowel 
to keep the two halves steady in the mould (Fig. 35). Or 
the plate might be made of one thickness of stuff with *' open 
joints " — that is, joints -xVinch or i inch open, to allow of the 
partial swelling of the pattern in the sand without affecting 
its proper diameter. The rings are glued up in segments, each 
on separate face chucks, and jointed before their peripheries 
are turned. The edges of the two halves of the wheel must 
be turned by templet, marked from the sectional drawing 
(Fig. 31), and the teeth must be fitted and glued on in rough 
blocks, then turned to outline by templet and worked to shape 
afterwards. They must be struck on the two outer faces and 
in the joint ; the pitch on the outer faces, of course, will not 
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be the actual pitch of the wheel, but the larger diameter will 
be divided equally between the number of teeth. Work them 
with gouge and chisel, using a templet, and trying the worm 
round from time to time. The getting the correct shape on 
the outer faces is difficult, though quite practicable ; but the 
best way is to put the worm in the lathe, red lead it, and cut 
the worm-wheel teeth until the lead shows contact every- 
where. They must be glasspapered by hand, the use of a 
rubber not being practicable. 



CHAPTEE VI. 

MACHINE-MOULDED WHEELS. 

The Change eflfected by the Introduction of Wheel Machines. — Parts 
necessary for Machine use. — The Teeth. — How moulded. — H'S^P®<1 
Arm Cores. — Form of Core-box. — Bevel-wheels. — Striking Boards. 
— Top. — Bottom. — Arm Core-box. — Disc or Plate Wheels. 

Of late years the use of wheel eastings made by a moulding 
machine has become very common. The writer often men- 
tally contrasts the revolution which the wheel machines have 
effected in this particular section of workshop practice, as he 
remembers what makeshifts were resorted to in order to 
economise the pattern-maker's time before the wheel machines 
were introduced. Wheel patterns are expensive to make, and, 
once made, they were used over and over again, and that even 
for jobs for which they were not wholly suitable, and for 
which a new machine-made wheel would now be ordered. 
Wheels were ** drawn," **stopped-off," lined, and thickened up 
in various ways. And where a new one was absolutely neces- 
sary, the rim would be made in cores — about half-a-dozen 
teeth in a box, and the arms in a core-box also, or sometimes 
by a single arm, or a couple of arms ** bedded in." All those 
makeshifts are now abolished, in the larger shops at least, by 
the introduction of the wheel machines, and the smaller shops 
find it cheaper to buy their wheels of the firms who make 
them a speciality rather than turn out inaccurate castings by 
the old roundabout processes. For the new wheels have the 
double advantage of accuracy as well as cheapness, since if 
the machine parts are kept in good order, and no **slop" 
exists, each tooth will be an exact counterpart of its f eUow. 
The use of these wheels has become so general that while 
engaged on the subject of gearing something ought to be said 
about the essential parts which the pattern-maker has to pre- 
pare for machine use. For plain spur-wheels they are — ^block 
(Fig. 36), core-box (Fig. 37), diameter-strip, and finger-bit. 



The block is made of a piece of pine or mahogany, equal to (he 
depth of the wheel rim, and of a conrenient length and tridth 




for the carrier of tlie machine ; say 10 inches long by 4 inches 
wide. The outside edge of the block ie worked to the same 
radius as the rim of tbe wheel which is to be made. "The 




teeth are represented by two cogs affixed to this outside sweep, 
of the desired shape, Hze, and pitch (Fig. 36), and the mould- 
ing proceeds as follows : — 
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The tootli-block is sorewed to the carrier attached to the 
arm. of the machine. Its distanco from the centre of the 
machine — equal to the radinis of the wheel — is given by a 
strip of Tvood, the diameter- atrip, which reaches from the 
central piBar to some part of the tooth — either root or point. 
The proper change wheels being put on, the space between the 
two teeth is rammed up with sand, and the block is then 
lifted out of the mould by means of the hand-wheel actuatiug 
the vertical arm to whidi the carrier is attached. The sand 
is prevented from coming up with the block by a thin piece 
of wood— finger or hold-down bit — cut out to the same shape 
aa the space between the teeth, and kept pressed on the in- 
cluded sand during the process of withdrawal of the block. 
When the block ie clear of the sand, the requisite number of 
turns is given to the slewing-handle to carry it round a dis- 
tance equal to the pitch, when the process of ramming up and 
withdrawal ia again repeated. In order that the tooth block 
when in the act of being lowered shall not scrape away the sand 
already rammed to shape, the outer flanks of the teeth are 
reduced below the correct size. This, of course, ia not detri- 
mental to the form of the moulded teeth, the apace alone betwesH 
those on the block being used Ijy the XQOulder. Each time the 
block is moved another tooth interval ia rammed up, until the 
ring is complete. If the block ia properly made, and the sand 
rammed auiliciently hard, and sprigged, the mould will not 
tear up at all, notwithstandin-g that the teeth are without 
taper, but will be ready for bIa<ikLng at once. 

The arma of machine-mouldBd wheels are made with cores, 
for which a special box will be necessary. They are usually 
H-shaped in cross aeotion. To make the core-hox (Fig. 37), 
in which the peirta are represented as drawn slightly apart for 
the sake of dearness of illustration, the pieces ueeeasary are 
a sweep, a, representing the inner portion of the rim, and as 
long as the space included between two contiguous arms — a 
fourth, sixth, or eighth part of a circle as the case may be ; 
two sweeps fitting within this, B, B, one top, the other bottom, 
which are the ribs or flanges strengthening the rim; four half- 
width arma, o, c, fitting with the ribs and with each other ; 
two half cross rihs, D, and a boss piece, B. These pieces are 
all rammed up loosely, that is, the parts are merely abutted- 
not screwed together, and taken from the sand one by out. 
They are rammed in an outer frame — not shown— couaiating 
of two pieces screwed at the requisite angles, and of the same 
depth as the wheel. If there are four arms, the core-box will 
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be made at the angle of 90° ; if six, of 60° ; if eight, of 45°. 
Sometimea an outer frame of iron is used aa a permanent 
core-box for any sized wheel. Where that is the case the loose 
pieces only will be wanted. 

These cores, either green or dried, usually green, are 
placed in position in the apaoo included by the ring of teeth ; 
a centre core for the wheel ahaft is then fixed by measure- 
ment, completing the mould for a plain wheel. 

With bevel-wheels the process is not exactly the same. 
Here striting-boarda are necessary. They are two in number, 
one for Btrilong out the bed for the arms and the points of 
the teeth, the other for the top portions of the wheel. The 
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boards are screwed to a bar forming a continuation of a socket 
which fits oyer and turus round the central post. The striking 
edge is chamiered similarly to that of a loam board. 

The moulder proceeds thus with the top board, which being 
for green sand, as is commonly the case, is out the reverse 
way to one intended for a loam mould, as shown in sketch 
(Fig. 38).* He strikes over a bed of hard rammed sand 
representing the top of the Tjobb, the edges of the vertical 
arms and of the rim, and the outer or larger faces of the 
teeth, finishing off in a horinontal direction at their points 
to form the joint of the mould. A moulding-box or flask 
large enough to cover the bed thus struck, is set in posi- 
tion and rammed up on it — a layer of parting sand alone 
intervening. This is the top of the wheel mould, which is 

* See also Chapter XXX., p. 225, for the diffecenoe lietween boards for 
loam and greenaand. 
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now removed. The sand in the temporary bed is now dug 
away for the purpose of striking the lower part of the 
mould. The bottom board (Fig. 39) is set in position by 
means of the horizontal joint of sand already made, and 
strikes the fat faces of the arms, the inner edge of the 
rim, the smaller faces of the teeth, and their points. The 
toodi block is then screwed on the carrier of the machine, 
and the moulding proceeds as in a spur-wheel, with the excep- 
tion that no finger-bit is 
required. The arm-cores 
are also made and set in 
the mould in a similar 
way. For bevel-wheels, 
however, the arms are of 
the same shape as those 
in an ordinary pattern, so 
that the remarks we have 
made about H arms will 
not apply here. The outer sweep of the core-box represents 
the inner side of the rim, and the way to make it can be seen 
by a glance at the sketch 
(Fig. 40), where the rect- 
angular figure represents 
the rough block from 
which the beveUed inner 
portion of the rim, shown 
shaded, is cut. The top 
of the cores being curved, _,. 

must be worked off by ^ . 

means of a strickle, similar in shape to the top board, Fig. 38. 




Fig. 39. 





Fig. 41. 



So that we require sweep (Fig. 41, a), two half arms, b, b, two 
half ribs, c, c — ^that is, each rib of half the casting thickness — 
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boss, D, loose for withdrawal aa before, and strickle. A look at 
the sketch (Fig. 42) will also indicate the shape and mode of 
cutting out of the tooth block, the ahaded portion merely 
indicating the rim section in relation to the block, while the 




teeth difier in nowise from those of an ordinary bevel-wheel. 
Fig. 43 represente the mould of a bevel-wheel ia section. 
Sometimes in the case of a small wheel arms are not used, 
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the wheel centi-e being simply a disc or thin solid plate. Here 
the top board would strike the outline of the inner portion 
of the rim and the back part of the disc, and cores would not 
be wanted at aJl. '^^~ 



CHAPTEE VII. 

MORTISE-WHEELS, &c. 

Mortise-wheels. — ^Why used. — Metal in Rim. — Thickness of Gogs. — Taper 
in Mortices. — Prints and Cores. — ^Wood used in Gearing. — Sawing 
Cogs. — Driving. — Fastening. — Splitting of Wheels. — Shrouding. — 
Breaking Strength. — Basis of Calculations. — ^Ratios of Wheels. 

MoRTisE-wheels are those wliicli are geared with wooden cogs, 
instead of with iron teeth. In a large mill or factory where 
many pairs of wheels are constantly at work, and run- 
ning at high speeds, the noise and the shock would be unen- 
durable if iron-toothed wheels alone were used. To prevent 
this nuisance, wheels with wooden cogs are made to gear 
with iron fellows. They answer adnilrably, but are very 
expensive, involving not only the cost of the wooden teeth, 
in addition to the casting, but the chipping and filing to a 
smooth surface of the flanks of the iron teeth (scarcely neces- 
sary, though, in the case of machine-moulded wheels), with- 
out which precaution the wooden teeth would become rapidly 
abraded. 

In making the mortise- wheel pattern, proceed generally as 
for an iron wheel. But bear in mind that the thickness of 
the rim here should be equal, not to the thickness of the 
teeth, but to their pitch — a deep mortise being essential to 
the steadiness of the tooth-shank. Also that a thickness of 
metal must be left beyond the ends of the shank, equal to 
about four-tenths of the pitch. The cogs, moreover, are a 
third thicker than those of the iron wheel into which they 
work, and no clearance is allowed between the two. Core-prints 
must be used for the mortises, whether the wheel be made by 
pattern or by machine, and a core-box containing the requi- 
site amount of taper must be made. The taper given to these 
mortise cores should not be more than J inch on a side for 
each 1 J inch of depth, for if it becomes excessive the teeth 
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will have a tendency to epriug when being di'iven into their 
places, and so, possibly, Dy setting up too mueli vibration in 
the wheel the rim will become broken. And further, largely 
tapered teeth will work loose earher than those tapered to 
only a moderate extent. In a epur-wheel the prints will 
come to the top edge of the rim (Fig. 44), and the portions of 
the prints which reach above the mortises will be " stopped " 
up after the cores are placed in. The best way is to make 
the core-box to "stop itself off"* — that is, to take out the mor- 
tise and fill up the entire print besides. Kg. 45 represents a 




core thus made. In a mortised bevel it is not necessary that 
the prints shoidd come to the top edge ; but their upper ends 
must be chamfered ofE, so that they may not drag the mould 
(Pig. 46). The core-box will be made to correspond. 

Having the wheel castiugs, next comes the fitting in of the 
teeth, or the " gearing it, as it is termed. This was for- 
merly a epeciality of the millwright, but now the pattern- 
maker looks upon it as Lis legitimate work. We suppose, 
then, that the rim, bolh on face and edges, has been turned, 
as in good work it should be, and delivered into the pattern- 
maker's hands to be geared. First, regarding the selection 
of the wood for that purpose. Hornbeam, apple-tree, oak, 
aeada, beech, aro commonly used. On the whole, I think 
apple-tree carries the palm ; but hornbeam, beech, and oak 
are also very good. One esaential is that the wood be the 
driest procurable. "Unless the mortise wheel is to go into a 
damp situation, as in the pit of a mill-wheel, its teeth are 
certain to shrink in time, and the rattling of a number of 
wooden cogs in their sockets is quite as intolerable as the 
rattle of iron and iron wheels would be. 

Saw the blocks out so that the points of the teeth shall cut 
_• Seo Chapter VIII. , on Core Prints, p. B3. 
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acTOBB the end grain, that is, the grain fibres will radiate from 
the centre of the wheel ; let them be cut of aucb a length that 
their shaoks shall project ahout an inch from the inside of 
the rim, and leave also sufficient allowance on their faces and 
points for turning. Shank them with a hand saw, using a 
templet to insure uniformity throughout, and leave a litSe, 
say -sVi on each side for accurate fitting with a rebate plane. 
If a circular saw is available, the labour of haodsawing may 
be avoided by making a block or carrier to slide along the 
saw bench, holding tbe tooth in it in such a position that tho 
shoulder of the shank shall coincide with the titp of th« teeth 
of the aaw. Or in shops where a general joiner is kept tho 
tenoning apparatus may be utilised. 

Fit^the teeth in carefully, driving them tightly with a fit- 
ter's 'hammer or a light sledge, imUl their sliouldera are 
within J inch of the rim. With a pair of compasses scribe the 
shoulders of the shank or tenon parallel with the rim, then 
knock out and cut with a chisel to those scribed lines. Qet 
some oil paint, thickly smear it over the tenon, and drive the 
tooth block finally homo. There is some knack required in 
driving these cogs, for though they wUl bear, and indeed ought 
to have, hard driving, yet it ia possible just to exceed the limit, 
and to burst the rim of the wheel. Tbe ends just past the 
tenon are also apt to fly off with the final blows. To prevent 
this they must not be undercut, and the strokes should be 
given just over the shank, not beyond it, and shoidd be dead 
and firm, not elastic in character. 

The teeth, although fitted carefully and driven home firmly, I 
would yet work loose in time if no further support were 1 

afforded them. Onemodeof securingis ^,^- > ■ I 

to drill holes through the metal at the 1 \ / I I 
ends of the mortise, and to drive wood \ L-X — T — -ji M 
screws or pins thi-ough these into the j^\ \ '< .' ^""^J 
tenon (Fig. 47). This is strong and neat, C '-.Q '; j ^/ f^k 
but it requires a large amount of drill- I >r^ | /""^n/^B 
ing. Another way is to out out dove- *-^ ""^ H 

taued grooves in that portion of the ^' ^' ^ 

tenons projecting inside the rim, and to drive in wooden 
wedges between the contiguous teeth (Fig. 48). This also 
has the merit of security, but necessitates labour which is 
superfluous. 

A third method is to prepare a number of wedges of sheet 
iron or steel not more than \ inch thick, and about ^V inch 
wider than the space between the shankn. Their edge 
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be ground sliaip and berelled, and they axe then driren tightly 
between tlie ^anks (Fig- 49). But' the same end maybe 
accomplished by a fourth method simpler than the other three. 
Sore holes at the ends of the tenons ivithin the rim, but close 







against it. Drive pins, which may be either lengths of 
pointed wire, about | inch in diameter, or clout nails with the 
heads cut off, into these holes, allowing about i inch of 
pin to stand out from the wood (Fig. 50). This is as firm 




and lasting as any other fixing, and has the merit besides 
of being expeditious. 

Having secured the cogs, the wheel must now be put in the 
lathe again, and their faces and points be turned. The pitch- 
lines and the striking lines for the radii of the tooth flanks 
are to be run round, and the teeth divided and marked out, 
and cut through with gouge, chisel, and straightedge. They 
are not glasspapered, but simply wiped over with oil. The 
wheel is then fit to be put in its place. 

A few remarks of a general character, having reference to 
the subject of gearing, may fitly close this chapter. 

Splitting of Wheels. — This means the casting of a wheel 
in halves, necessary when, from its intended position in 
the middle of a shaft, or between other wheels, it could not 
be driven on endways in the usual method. Being made in 
two, provision must be given for securing the parts together 
when in place. This is done by casting lugs or ears on oppo- 
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site sides of the boss, and in cortresponding positions within 
the rim. Holes axe cast through these to receive the bolts 
(Fig. 51). Sometimes — and this is the neatest way— the 




Fig. 61. 




Fig. 52, 



wheel is split through the centre of an arm. In small castings 
this has a less unsightly appearance than the lugs. Each 
half arm, however, must be made of the same width and 
thickness as an entire arm, else the splitting would become a 
source of weakaess (Fig. 52). 

The details of the process of splitting are the same, both in 
pattern and machine wheels. Make the lugs and fasten them 




O 
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Fig. 53. 



Fig. 54. 



on each side of a core print, sufficiently deep and wide to 
support the core in a vertical direction, and of the proper 
thickness — ^from i inch in small wheels to i inch in large ones 
(Fig. 53). Secure these lugs in position. Then make a templet 
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of the Splitting plat« for the nioulJer, following both the out- 
liue of the print and also that of the portion of the wheel it is 
intended to split. Cut in it holes of the intended size for the 
bolts, and in the proper centrea. From this templet wrought 
or cast iron plates wiJl be made. Thej will then be covered 
over on each side with a thickness of loam or of tar, and will 
be dried. Round cores of the same length aa the thickness 
of the double lugs will be thrust through the holes, project- 
ing equally from each side to form the bolt-holes in the cast- 
ing. These plates thus prepared (Fig. 54) will be dropped 
into the i>riuts dividing the lugs, and will part the casting in 

Shrouding, — This term, as applied to wheel gearing, 
signifies the supporting of the teeth at their faces with 
a flange or annular ring, and may be either half or whole 
Bhioudmg, according as it extends to the pitch-line (Fig. 55), 



Fig. 66. ^^^ 



or to the points of the teeth (Fig. 56). It ia of especial value 
in small pinions having weak roots, and is commonly believed 
to increase their strength by 40 to 50 per cent. 

When the shroud cornea in the bottom of the mould, it is 
essentialthftt it be left loose from the body of the pattern, being 
simply dowelled on to prevent it from becoming rammed away 
from its proper position. In the top of a motdd it is also 
desirable that it should be left loose, though not so absolutely 
necessary. In the case of a machine-made wheel, shrouds 
will be struck by the boards, and the broken edges of the 
mould will bo mended up afterwards, with a sweep similar in 
section to the shroud. See Chap. XXX., p. 225. 

BreakiajT Strcngtli of Teeth. — A wheel-tooth must be 
regarded as a loaded beam or cantilever, its length 
being tie distance from root to point, its depth the thickness 
of the root at its base, its breadth the breadth of the wheel. 
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To ascertain the strength of a cantilever the rule is : '* Square 
the depth, multiply by the breadth and strength of material, 
and divide by the length." A cantilever of good cast iron, 
1 inch square and 1 inch long, will sustain a dead load of 
6,000 lbs. before it breaks. Applying this to the tooth of a 
wheel of IJ inch pitch. Si inches on face (Fig. 57), we find 
that it will sustain a dead load of — 



IV X 3^ X 6000 
li 



= 22212 lbs. 
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Figr. 57. 



before breaking. Dividing this by a factor of safety, say 10, 
(it should be large for gearing), we get 20 cwts. nearly, as a 
perfectly safe load for such a tooth.* 

But it is usually assumed that two teeth are always in gear 
at once, which assumption would, if correct, double the effective 
value of our calculation. And it 
is quite true of a pair of large 
wheels not very disproportionate 
in relative diameter, and properly 
marked out. Two teeth are 
always in gear at the same time, 
and sometimes three ; but in a 
large wheel and small pinion 
working together such is not the 
case. It is only possible to obtain 
such a result in the latter instance by using a rolling circle so 
large that the roots of the pinion would be greatly undercut 
and weakened thereby. Let it be understood that my assertion 
is not that two teeth are never in gear at once, for they are, 
but that at regular intervals, just when one tooth is entering 
into and tiie next one leaving contact, there 
is a moment when the strain is all con- 
centrated on the flanks of one. For this 
reason it is prudent to reckon only on the 
contact of single teeth. 

It is sometimes considered safer not to 
estimate the strength of a tooth on the 
supposition that the strain is distributed 
along the entire flank, but to imagine that 
it is concentrated on one comer only (Fig. 58). This will not 
affect the method of our calculation, since the triangular piece 
is a cantilever still, but only the dimensions upon which our 

* In a bevel- wheel we must base our calculations on tbe mean dimen- 
sions of the tooth. 

E 




Fig. 58 



60 PATTERN-MAKING. 

estimate is to be formed. For badly made wheels tbis is 
imdoubtedly the safer plan ; but if the wheels are struck 
out and made properly, and the strain is calculated for one 
tooth only of each wheel in gear at once, there is no need to 
base our estimate of their strength on this assumption. 

Batio of Wheels. — ^Wheels are levers, in which the me- 
chanical advantage is in inverse ratio to the radii of their arms. 
Also, circumferences and their radii being always proportional, 
it matters not whether in calculating the power or the velocity 
ratios of wheels we t^ke their radii, circumferences, or number 
of teeth. Further, in calculating the power gained by a train 
of wheels, the geometrical and not the arithmetical product of 
the whole must be taken. Hence the rule for calculating 
the power of gearing is : Divide fhe product of all the wheels 
(either their radii, diameters, circumferences, or number of 
teeth) by the product of all the pinions ; the quotient (friction 
disregarded) is the gain in power. Thus, in a train of gear- 
ing, let W, W, W" represent wheels of 60, 90, 140 teeth 
respectively, and P, P, P'^ pinions of 10, 12, 16 teeth, then, 
the pinions driving, the mechanical gain is — 

W X W X W" 60 X 90 X 140 



P X F X P" 10 X 12 X 16 



= 393-7. 



Lastly, having two proportional factors of a wheel given — 
to find the third 

Let TT = ratio of circumference to diameter = 3*14159 
n = number of teeth 
e? = p. diameter in inches 
p -=. pitch of teeth. 

Then (1) The diameter and pitch being given, to find the 
number of teeth — 

^ _T X ^ 

P 
(2) The number of teeth and diameter being given, to find 
the pitch — 

TT y. d 



P 



n 



(3) The number of teeth and pitch being given, to find the 
diameter — 

(? = ^. X ^ 

17 



CHAPTEE VIII. 

ON CORE PRINTS. 

Prints not always required. — ^Typical forms of Prints. — Taper. -7-Deptl\. 
— Modifications of Prints. — "Stopping-off.'* — Boxes. — Coring various 
kinds of holes. — Top Prints. — Wrought-iron pieces cast in. — Chain 
Wheel Cores. — Importance of Venting Cores. — Decomposition of 
"Water in a Mould. 

Agreeably with the purpose stated at the commencement of 
this volume — that the study of general principles should be 
our object — we shall revert occasionally to the discussion of 
those matters which lie at the foundation of the pattern- 
maker's art, but which we can only mention incidentally in the 
articles devoted to set subjects. In pursuance of this inten- 
tion, the present article is devoted to the subject of core 
prints. To treat this wide matter fully would occupy three 
or four such chapters, but by taking it simply in its widest 
bearings we shall compress our remarks into a few para- 
graphs. 

Firstly, then, core prints are not always necessary. When 
the cores are large and rest flat on the bottom of the mould, 
they can be set in position by measurement, and their own 
weight, or the pressure of the top box, or both combined, will 
maintain them in position. But usually cores are set in their 
places by means of prints. 

The simplest form of print is the common round or square 
kind, on which the apprentice makes his first essays. Then, 
of course, all prints which draw from the bottom of the mould 
are simply modifications of these, possessing taper, and vary- 
ing with the shape of the holes they are indicative of. The 
next form is the pocket or drop print, used for casting holes 
in the vertical sides of a mould where a common round print 
could not be drawn up with the pattern. Here, when the 
core is placed in position, the upper part of the print is filled 
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in with Band flush with the edge of the mould. All prints, 
however they may vary in appearance, belong either to one or 
the other of these two types. 

Common round printe are tapered in the direction of their 
depth, the amount varying from iV inch to i inch in their 




diameter, smaller prints having less, larger ones more, taper. 
The only object in tapering them is to facihtate their with- 
drawal from the sand. Their depth varies also, a print small 
in diameter requiring greater depth than a large one, to steady 
its core in position, so that while a 1-inch print may be 1 inch 
long, a print with a broad base, say of 8 inches or 10 inches 
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in diameter, need not be more tlian J inch thick. The thick- 
ness of pocket prints depends upon the thickness of metal 
through which their cores have to be carried. If we had to 
cast a hole through an inch of metal, the print should be made 
H inch thick, to counterbalance the weight of the unsupported 
portion of the core. But if the thickness becomes very great 
we ought to have prints on each side of the pattern, in order 
that the core might be bridged across the mould. If, however, 
the core does not go right through the metal, but only a por- 
tion of the way, and the unsupported length is too great for 
an ordinary print to counterbalance, we simply put a print 
thick enough to resist the crushing of its sand out of shape by 
the weight of the core, and sustain the opposite end of the core 
by chaplets. The partly closed box, which sometimes carries 
a front crane roll, or the cylinder or the plunger for a large 
hydraulic ram, having one end closed, will illustrate my 
meaning. 

Again, we may have three or four holes in the same vertical 
plane (Fig. 59, a). Here we should place pocket prints one 
over the other, the outer ones being thicker than those within, 
because of the greater length of core they have to carry. We 
shoxdd scarcely be able to make these outer ones thick enough 
to entirely counterbalance their cores, but should expect the 
moulder to hold them in place until they were securely stopped 
over. ''Stopping over" means filling up the upper portion 
of the print level with the face of the mould, after the core 
has been placed in position. 
Where cores of the same size 
are used repeatedly in one 
pattern, we make *a special 
box to fill up the print as well 
as to core the hole out, or, in 
brief, to "stop itseK off" (Fig. 
60 ; see also Figs. 44 and 45, 
p. 44). It is easily seen what p. ^ 

shape the core-box must be 
in order to fill up the print and take out the hole ; the difficulty 
sometimes is how best to joint it. However, this need offer no 
real obstacle if we remember that the only object in parting 
the box is to allow freedom of delivery to the core. So that 
the various portions of an intricate box can be removed 
without tearing the core, it matters little in what particular 
way it is parted. 

Where a print has to be stopped up over a boss, the boss 
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must invariably be cut out to slip over the print, and not the 
print uut to fit oyer the boss (Fig. 59, h). This ia apparent in 
an. instant in the sand, for then a aohd boss is seen to occupy 
the portion of the print which the mouider desires to fill up. 

When a long round core tas to stand at an angle iu a 
mould, it is customary to ha.v6, in addition to; the bottom 
print, a long tapored one in the top coming right through the 
top sand (Fig, 69, e). Here the core is thrust in through the 
top after the boxes ai-e put together, and the proper bevel is 
thereby seoured. But the danger is lest some of the top 
sand should be pushed into the mould by the descent of iiio 
core, and, remaining there, destroy the casting. The mould 
being finally closed, the workman can only rely on his sense 
of touch. This danger is partly guarded against by making 
the long taper print at its smaller end J inch larger than the 
core, or more effectually by bending a piece of hoop iron 
around the smaller end of the print, and letting that remain 
in gitu to protect the sand. But some moulders will rather 
sustain the core at its bevel by chapleta, and onlyuse the long 
print where chaplets are not available. 

"Where eores are carried in a line through two or more 
contiguous ribs of a shallow easting, pocket prints are often 
diseased for a round parallel print placed between the ribs. 
This involvei no stopping over, for the joint of the mould is 
brought down to the centre of the print, and a long round 
core insures greater paralleHsm in the holes than two or moro 
shorter ones would do. The advantage of this is stil! more 
obvious where there are deep bosses, projecting inwards, for 
increasing the length of hearing. These would have to be 
stopped over were pocket prints used, whereas with a round 
print the bosses remain intact. But if the sides are too deep 
to allow of jointing down to the centre of the print, and 
moreover too thi-n to allow of the bosses being drawn in, and 
for some reason or other it is not advisable to joint the pattern 
itself in the centre of the bosses, the neatest way is to take 
out the upper half of both boss and jirint with a core 
(Fig. 61). A block print stretching from side to side, with its 
ends well tapered, and a core-box of corresponding size, 
with half bosses and half print fastened on its bottom board, 
will then answer our purpose adtoirably. 

In the case of a vertical core disproportionately long in 
comparison with its diameter, a bottom print is nut usually 
sufficient to tarry it steadily in the vertical position. Then 
we put a top print on the pattern in addition to that on the 
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bottom. Yet this is usually only essential where it is not 
easy to check the upper part of the core by measurement. 
In a common brass bush, even if it be 10 inches or 12 inches 
long, the moulder can centre his core by measurement, and 
the top box will keep it in position afterwards. So the core 
in the boss of a spur-wheel can be checked accurately from 
the points of the teeth. But a bevel-wheel with a deep boss 
on the back, or a sheave-wheel one half of which is in the 
top box, do not afford the same facilities for measurement. 
So in these and similar cases it is advisable to put prints both 
on top and bottom. 
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Fig. 61. 



We have frequently to cast a wr ought-iron eye, handle, pin, 
or such like, in a piece of work. Here a print precisely 
similar to a core print will be used, 
its shape following the outline of the 
handle, pin, or eye to be cast in (Fig. 
62). The spaces. «, «, left by the with- 
drawal of the print, are of course 
filled up with sand before the mould 
is closed for casting. 

Sometimes a hole has to be cast 
through a thick lug or bracket in 
such a position that a print on each 
side is necessary. Yet something else 
in the way, a bracket, perhaps, or 
boss, would render the '' stopping-off " of the pocket print on 
one side a troublesome job. The diiSiculty is avoided by 




Fig. 62. 
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having a common roxmd print on this side loosely wired on, 
and by making the pocket print on the clear side about twice 
as thick as usual (Fig. 63). The core is then dropped into 
the pocket print, and thrust along into the round print. The 
vacant space behind and over the core in the pocket print is 
stopped up with sand as usual. 

The rim of a large chain- wheel is usually taken out with 
cores to save the labour of cutting out a large number of link 




Fig. 63. 



recesses in the pattern. Here, and in all jobs where the 
prints should well support their cores without assistance 
from chaplet nails, the print should be plenty wide enough. 





Fig. 64. 

Give it, say, haK as much again of bearing as is necessary to 
just counterbalance the cores (Fig. 64). Of the core-boxes 
for these wheels we shall speak in due course.* 

Lastly, a core without communication with the outer air is 
an impossibility; do casting could be made with a core inclosed 
on all sides, for the gas generated by the heat of the molten 
iron would then be confined in the interior of the mould and 
form cavities in the casting — in other words, make it honey- 
combed or ** spongy," or blow up altogether. 

The theory is this : a mould is always more or less damp — 
that is, it contains water in a finely divided state. Water 
is composed of oxygen and hydrogen, Hj,0. At the tempera- 
ture of molten iron fliis becomes decomposed into the two gases, 
so that within a few minutes after the metal has been poured 
into a mould all the moisture within its influence becomes 

* Chapter XV., p. 98. 
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gaseous oxygen and hydrogen, occupying, say, 12,000 times 
the original volume of the liquid. Of these two, the oxygen 
enters into chemical combination of some kind or another 
within the mould, either with the carbon (the plumbago or 
the charcoal used for facing), to form one of the oxides of 
carbon, CO or COg, or with the surface of the iron to form a 
skin of oxide, or with the sand to form a silicated oxide 
of iron (parting sand). The hydrogen escapes to the vent 
holes, and rushing out ignites with a loud report, burning 
with the blue flame characteristic of that gas. Hence it is 
apparent why not only the mould must be vented, but why 
all cores must communicate with the outer air. This, though 
properly belonging to the founder's craft, is mentioned in 
order to warn the pattern-maker never to entertain the idea 
of making a core without allowing an exit for the gas propor- 
tional to the bulk of the core itself.* As a matter of fact, in 
workshop practice holes are often cast in work in positions 
not indicated by the draughtsman, solely for the purpose of 
providing sufficient area of egress for the liberated gas, the 
intuition of experience being the best guide in such matters. 

* The student of chemistry will readily understand why the outrush 
of gas from even a small mould is so great. 
A c.c. of water weighs 1 gramme. 

The combining weights are H2 2 ) , « 

O 16 /—^^ 
c.c. 
18 grammes decomposed become 22,400 of H 

11,200—0 



33,600 

that is supposing the gases were measured at 0° C. 

.*, 1 gramme = 1 c.c. of water becomes — 

33,600 
- jg -=1866 c.c. atO°C. 

But as the temperature of molten iron equals at least 1,500° C, this 

would expand the gases to — 

1866 X (273 + 1500) 

^rj^ ^= 12,118 c.c. 

or 1 c.c. of water becomes 12,118 c.c. of mixed gas. 
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ENGINE CYLINDERS. 



Striking out. — ^Views required. — " Lagging up." — Head Metal. — Turn- 
ing. — Passage Block. — Steam-chest Flange. — Prints. — Exhaust. — 
Feet. — Passage Core-box. — Exhaust Core-box. 

Engine cylinders are of aU sizes — from 2 or 3 inches to 8 or 
9 feet in bore, and of most varied types. The smaller ones 
are cast from patterns, the larger from loam moulds. We 
will take a simple illustration of a high-pressure cylinder of 
moderate size, and describe the making of its pattern before 
we pass on to the loam cylinders. This, like most of our 
work, must be struck out on the drawing-board. We want 
a longitudinal section, cutting through the steam ports and 
valve face (Fig. 65), and a transverse section through the 
same face and the exhaust port (Fig. 66), also a plan of the 
cylinder looking into the ports (Fig. 67). Make the drawing 
to the sizes of the finished casting, adding the due allowance 
afterwards for turning and boring. Taking a cylinder of 
6-inch bore and 10-inch stroke, let us give it certain definite 
proportions for convenience of illustration, and not as fast 
dimensions. 



Length of cylinder . 
Thickness of metal in body 

„ flanges . 

Length of port . 
Width „ . . . 

„ exhaust . 
Metal round ports 
Length of valve face 
Width ,, ,, . . 

Length of steam-chest flange 
Width „ 

Thickness of ditto 
Distance between ports 
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A foot or a pair of feet will te required for the purpose of 
bolting' the cylinder on to its tedplate or framing, and their 
shape and position will be determined by the shape and posi- 
tion of the part to which they are to be attached. 

When about to make the pattern, commence with the 
circular body. In order to mould well, this must be jointed 
longitudinally with dowels ; and unless a piece of very dry 
timber ia available, it is not customary or wise in a standard 
pattern to make it in the solid. The proper way to make 
cylinders, as well as large pipes, is to "lag them up." Longi- 
tudinal strips are glued and secured with aails or screws to 
transverse ends wEch have been planed hexagon, octagon, 
or polygonal in form, the size across the flats being deter- 
mined by the thickness of the stuff in the lagging. Dowel 
the end blocks in their joints, mark out into flats, and saw 
and plane perfectly square across the thickness of the stuff 
(Fig. 68, section). 

Now lay the joints of those halves which contain the dowel 
koltn on the bench or on a true joint board, at the distance over 
all which coincides with the extreme ends of the pattern. 
In this instance this will be 14^^ inches = length of cylinder 
+ say 3 inches at each end for prints + 2 inches for " head 
metal" = in all to 22^ inches, and this will be the length of 
the lagging also. The object of head is this ; — When metal 
is poured into a mould, dirt and scurf, being light, float on the 
surface, and along with entangled air bubbles rise to the top, 
making the upper part of acasting spongy and unsound. In an 
engine cylinder this porosity would be a fatal evil, diminish- 
ing its strength and permitting escape of steam. Ho these 
lighter matters are allowed to float into a ring of "head 
metal " of the same diameter as the cyhnder, and of suffl- 
cient height to contain them all. It is ecaroely necessary to 
remark that this is turned off the casting and thrown avray. 

Sometimes the pattern proper finishes with the head metal, 
and the prints are turned separately and screwed on the 
ends. This is a matter of no importance ; but if our stuff 
is long enough to turn prints as well as body (and we will 
suppose this to be the case) our angular transverse ends will 
occupy the " out and out" position. Now take one of the 
pieces of lagging, plane up the face quite true, and bevel 
both edges. The width on the face will be the same as the flats 
on the transverse ends, and both edges will be bevelled so that 
if projected they would meet at the central axis of the cylinder. 
Glue and screw this first piece in place with one edge resting 
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on the joint board or bench. ; 
chalk its upper edge, and fit the 
second piece against it, until 
the chalk showa a fit every- 
where; plane the next edge to 
the same bevel at the proper 
width, and then glue bom the 
face and the chalked joint, and j.Nior- 
sorew. In this way carry the 
lagging round the first half of 
the pattern. Now turn over this 
first half, lay the dowel ends in 
place, and build up the second 
half in the same fashion. Allow 
the glue time to set hard, and 
then chuck in the lathe with 
centre plates, which are simply 
square pieces of sheet iron or 
brass with screwholes at the 
comers, and made — one of them 
to receive the lathe-fork, the 
other counter-sunk to run on the 
back centre (see Figs. 210, 211, 
page 160). When screwed in 
place, they form the temporary 
centres of the pattern, and retain 
the two halves securely together 
while being turned. The screws 
which hold them on should be 
put in firmly in order to prevent 
the work flying asunder while in 
rapid rotation. 

Now, having our cylinder in 
the lathe, and being assured 
that everything is weD secured, 
rough it down to within ^ inch 
of the body size with a sharp 
gouge. If belts are desired, the 
pattern must be roughed to the 
size of the belts first, and after- 
wards turned between the belts 
to the body size. Finish the body 
by scraping with a firmer-chisel. 
Uark on the body so turned a 
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line at the distance of one print from either end, equal to 
3 inches, then another line at a distance from the first equal 
to the length of cylinder, + the allowance for facing 
on flanges, — ^ inch, on each flange, equal to 14f inches in 
all. From these two lines strike two others equal to the 
thickness of the flanges with their hoUows, allowing, say, 
i inch for hollow. Turn out grooves for the flanges in the 
spaces thus marked ; measure off 2 inches, the length of the 
head metal, and that will leave 3 inches for the length of the 
second print. Turn these prints down to 5f inches diameter, 
parallel, no taper being required — ^the cylinder moulding on 
its side ; 5 J inches diameter will give the proper allowance 
for boring out on a small cylinder, but in larger ones we 
shoxdd have rather more, from iV inch to tV inch. Glass- 
paper and varnish the body, take it from the latiie, and remove 
the centre plates. Fig. 68 will represent one half the pattern 
at this stage. Turn the flanges in halves on the face-plate 
to fit the grooves, not forgetting the additional J inch in 
thickness for facing. They may be screwed on the body or 
left loose — it is of no consequence which. 

The ports and valve face will claim our next attention. Get 
a block of wood, wide enough and thick enough to include the 
ports and the metal inclosing them, and fit it between the 
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Fig. 69. 

flanges and round the curve of the cylinder body (Fig. 69). 
Having hollowed the inner face, plane the outside rounding 
and concentric with the cylinder body (Fig. 69, a), making 
the thickness equal to the width of port and of the metal 
bounding it (Fig. 69, b). Recess this across the centre to 
receive the block through which the ports curve upwards into 
the valve face (Fig. 69, c). This last piece should extend as 
far as the termination of the hollow on the under side of the 
steam-chest flange. Be careful to have the top of this block 
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parallel with, the joint of the pattern. Laying the half pattern 
on a true board, rest a straightedge over the block, and, 
measuring near its extremities, adjust its edge until it shows 
the block parallel with tha board. Then screw in place. 
Next, prepare the flange for the attachment of the steam- 
chest (Fig. 69, d). Make it sufficiently thick to allow for 
facing, and also for working the hollow on its under side ; 
dowel it on the port block, keeping it parallel up and down 
the cylinder. "Work out the hollow on the back, using rebate, 
and carpenter's roimd planes ; make the yalye face and nail 
it on, and on that again nail, screw, or dowel the prints for 
ports and exhaust (Fig. 69, e). 
Leave these prints barely 
^ inch narrower than the fin- 
ished ports, so that the fitter 
may chip and fiile their edges 
accurately for the cut-off of 
the steam. 

Now fit a block of wood 
for the exhaust, the D -shaped 
piece of pipe which comes H 
from underneath the steam- "~ 
chest flange downwards to the 
joint of the pattern (Fig. 66, Bl 

a). "Work the portion which 
fits the body of the pattern ~ Fig. 70. 

with a gouge, and the outer 

part with a chisel, using a templet struck semicircular in 
shape (Fig. 70). A distinct half-round block will be fitted on 
the other half of the cylinder body, forming a continuation 
and termination of the D-shaped pipe (Fig. 70, a). Make 
the exhaust flange and print in halves, and screw one haK 
on each portion of the exhaust pipe, the joint of the flange 
coinciding with the joint of the pattern (Fig. 70, b, b). 

The feet in our pattern are at right-angles with the steam- 
chest face (Fig. 66), and can be fastened on permanently to 
draw with the pattern ; but had they been on the side opposite 
to the valve face, they and their bracketings must have been 
held in place with temporary screws only, put in from the 
inside of the lagging. Put hollows behind these feet, and 
allow for planing on their faces, b, b. 

We now consider the core-boxes. They are two in number, 
the steam passage and the exhaust. No box is requisite for 
the centre core, for the core maker strikes that against the 
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edge of a loam board. la this ease it is Bimply a board a few 
inches longer tJian the L-ylinder and prints, having one edge 
planed straight and chamfered. The eore-hosea, however, are 
not easily made by an inexperienced hand. By adhering to 
the following directions, and exercising a little " insight," no 
great difficulty need be experienced : — 

Take the passage box first (Fig. 71). "We have the curved 
part drawn in section (Fig. 66, c, and Fig. 65). Prepare, 
therefore, two pieces of wood, just the vridth of the port 
= 3^ inches, and exceeding its extreme length by about 




4 inches, and sufficiently thick to allow of planing out 
the curves, and giving an inch of wood in the tlunnest 
part besidea. For the outer curve of the port (Fig. 71, a) 
hollow one of the pieces, using a templet struck from the 
drawing, and for the inner curve round the other piece (Fig. 
71, B). 

We now want to form the ends and their curves. Evidently 
the longitudinal central lines of the pieces just worked corre- 
spond with the port lines on the longitudinal section we have 
drawn upon our board. 8owe set the eentrallme oi each piece 
in turn over its corresponding lino on the board, using a set- 
aquare for the piirpose, and we see at a glance that we must 
block up at the ends of our straight pieces in order to form 
the terniinations of the box, and we also see the amount of 
blocking that is necessary. liehato out across the curved faces 
for the reception of those blocks, and glue and screw them in 
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place, o, c. Fit and glue in lite manner the bite wHcli are to 
fonn the lioUows, d, D; and work them in place. Screw on 
the blocks, e, e ; connect the two portions of core-box with 
tianaTerse ends, f, f, letting them into shallow grooves, 
Q, G, a, 0, in the usual way, to prevent their ramming out of 
position. It will be remenibered that our prints were made 
narrower than the finished parts to allow for exact adjustment 
of the valve. In that end of the core box, which corresponds 
with the print, thin atripa of wood will be glued to diminish 
the opening to the width of the print. These strips may be 
^ inch wider than the thickness of the print, ^ving ^ inch for 
depth of chipping strip in the casting. The planing will take 




Fig. 72. 

t inch out of this, and the wear of the valve will reduce its 
■Uiickness further in course of time. 

The other end of the core will fit the body core of the 
cylinder, and must, therefore, be hollowed to that curve. Fit 
a piece in that end, and with its rounding face h towards the 
core space ; thia will impart to the core the hollow form required. 

Lastly, there is the exhaust (Fig- 6G, a). Thejoint of thia 
box will correspond with the transverse section of the cylinder, 
cutting the exhaust passage along the centre. Two pieces of 
wood are required, sufficiently long andwideto include flie whole 
course of the exhaust with its prints, with about a couple of 
inches of timber besides (Fig. 72). They should be about an 
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inch thicker than the semidiameter of the passage. Face both 
pieces truly, dowel together, and square one side and one end. 
To these corresponding faces transfer, by means of square and 
compasses, the sectional view of the exhaust port from the 
ilrawing board, extending that view to include the prints. The 
ends of the prints will coincide with the side and end we have 
squared. Gauge half the depth of the oblong portion of the 
port on each half of the box, and similarly strike on each half 
the circular portion of the port. Cut inwards with chisel and 
gouge, using templets to insure accuracy away from the 
immediate vicinity of the ends. Be careful that the halves of 
the box correspond, so that the core shall show no overlapping 
edges in the joint, and fasten the chipping strips against the 
valve face as in the inlet core-box. Fig. 72 shows one half of 
this box thus worked out. 



CHAPTEE X. 

ENGINE CYLINDERS STRUCK IN LOAM. 

The use of Loam. — Foundation-plate for striking on. — Bottom-board. — 
Body-board. — Attachments of Cj^linder. — Loam Bricks. — Top-board. 
— Head. — Central Core. — Closing the Mould. — ^Variety of Design in 
Cylinders. 

A MOULD taken from a wooden pattern is the most convenient 
and economical method of making a small cylinder, but it 
would obviously be too expensive in one of large diameter, say, 
ranging from 3 feet to 8 or 9 feet. If, then, we had to make 
a cylinder so large in diameter, and' perhaps 6 feet, 8 feet, 
or 9 feet long, we should '* strike it up" in a loam mould. 
Foundry loam is a mixture of various sands and horsedimg, 
which mixture, unlike the common sand, has the property of 
hardening when dried. Being plastic when in the wet state, 
it can be ^' struck up," or made to assume any shape that may 
be required. The necessary outline is imparted to the mould by 
a board having a ** chamfered" edge, which board swivels on 
a bar set upright, and working in a step. Portions of work, 
not circular, as valve faces, feet, passage blocks, &o., must have 
their corresponding patterns made separately, just as in the 
case of an entire wood pattern, and embedded in the loam, 
there to remain until it is dry, when they are drawn out as 
from ordinary sand. 

In our large cylinders we begin with the bottom flange. 
Make a rough cast-iron plate, 5 inches or 6 inches larger than 
the diameter of the flange, and about 3 inches thick ; cast four 
projecting lugs on its circimiference, and let its upper surface 
(Fig. 73, a) be studded over with points or ^^ j aggers " to hold 
the loam. A hole in the centre is necessary, to allow the 
central striking bar to pass down to its socketed footstep. This 
plate will be placed on any convenient support, usually wooden 
blocking b, b, and daubed over with thick loam. The first 



r 



68 I'ATTEItN-MAKINQ. 

strildiig board, o, notched to correspond to the somidiameter 
of the Sanpe, minus half the diameter of the striking bar, d, 
also shoulderBd back to the thieknesB of the flange, and carried 
out parallel a few inches beyond its edge, will be swept over 
this surface. By repeated strikings, and the final appueation 
of thinner loam, the shape of the edge and face of the bottom 
flange, together with a joint surface, will be obtained. This 
will then bo lifted by the projecting lugs wbioh are cast on the 
foundation-plate, taken to the stove, and dried. "When dry, 
it will be sufficiently hard and firm to sustain the body of the 
cylinder which will be built upon it (the latter might, however, 
be built on a separate plate, and then tranaferred). The outer 
board for striking the body, framed together with half-lap 




joints, cut at the top to form the flange and the upper joi 
and chamfered, wUl be screwed to the bar, with its bottom end 
level with the joint of the flange (Fig. 74). The flange itself 
will be temporarily filled with sand. On the flange joint 
already made the moulder will build up the body of the 
cylinder. Outside, and about an inch nway from the edge of 
the board, he will] build courses of bricks, bedding each 
suGceHsive course on a thin layer of loam, until the proper 
height is attained. Within this wall of bricks loam will be 
laid, and struck truly circular by means of the board. The 
upper portion of the board will strike the top joint, coinciding 
with llie face of the top flange, and that joint will have a 
"check" about 1^ inch deep, and standing about 4 inches away 
from the eilge of the flange, which check becomes a guide 
for the concentric setting of the top mould, rassagea, valve 
faces, and flanges, of one tj-pe or another, will be required. 
These, as we said before, wiU be made as patterns, and 
embedded in the loam, and, of course, wliere they come the 
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bricks must be left out. Portioiis of these may require to be 
loose fox conveuience of drawing in, and while some pieces 
will be drawn into the mould, others perhaps, as steam-chest 
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Will have to be drawn from the outsit. Where a 
s drawn from the outside, its face will be made by a 




flat cake of loam laid against the outside after the mould 
is finished. Where there are wide flanges or brackets in 
close proximity to the body of the cylinder, there is a 
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danger of their breaking off during the contraction of the 
ntetal, owing to tlie unyielding nature of the bricks. In such 
cases "loam, bricks" are used, t.*. bricks made of loam and 
dried. These will crush and give more readily to the sbrink- 
inff of the metal. 

The face of the top flange will be made by a board showing 
a joint exactly the counterpart of that on the body-board, 
having its " check" cut the reverse way to that Bhown in 
Fig, 74, A toEguemuatbe screwed upon it to give the pro- 
per head metal, say six or eight inches {Fig. 75). The 
flange face will be struck on an iron plate similar to that 
which was used for the bottom. 

Meanwhile the outside of the cylinder will have become 
Bufficiently set for removal to the stove. It will be detached 
from the bottom plate for this purpose, and while it is drying 
the centre core, representing the 
bore of the cylinder, will he 
struck up. Here also a board 
in a vertical position ■will be 
used, striking a coating of loam 
on a body of bricks (Fig. 76). 
This, too, will be dried and re- 
moved. 

All the parts having been 

struck and dried, the moulder 

then blacks their surfaces and 

puts them together. Fig, 77 

shows the mould in section. 

The passage cores, not shown, 

for which core-boxes must he 

made ia the usual way, as 

-. described in the last chapter, 

will be fixed, and the top and 

bottom parts of the mould will 

be secured by bolts, embracing 

the lugs oa the top and bot- 

"*^"'^' tom plates. The whole will then 

be placed m the foundry pit, due provision having been made 

for the bringing off the gas from the mould, and the entire 

aflfair is rammed roimd with sand previous to casting. 

Cylinders vary very widely in general design ; consequently 
a detailed description of one pattern will not apply to another. 
In this, as in many other classes of work, a pattern-maker will 
seldom get two jobs exactly alike. He must, therefore, find 
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safe and sufficient giiide in the general priuciplesof Ms trade, 
assisted by the teachings and waminga of experience. Thus 
lie must not only foresee whether or no hia pattern, when 
constructed, will deliver from the sand, but whether the cores, 
aa well as the mould, can be put together in detajl, and so 
securely that nothing shall be washed out of place by the 
rush of metal. He will also consider where core prints can be 
used with best advantt^, since sometimes prints wiU be dis- 
pensed with and " chaplets"" used instead; frequently also 
prints in cores will form the supports for other cores. 
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Cylinders are sometimes cast double ; frequently they are 
jacketed ; often the steam-chest forms a part of the cyHnder 
casting. The feet are sometimes in awkward positions and of 
queer shapes. Of late years engines have come into common 
use in which cylinder, bedplate, and guide-bars are cast all 
in one. In these matters of detail the general principles we 
have laid down, coupled with the knowledge to be gained by 
experience, are sufficient guide to the workman who may 
never have seen a piece of work precisely similar to that which 
he may at any moment have to take in hand. 



CHAPTEE XI. 

ON ENGINE BEDS AND BASE-PLATES IN GENERAL. 

Definition of a Bedplate.— Horizontal Engine Bed.— Methods of Mould- 
ing.— Way of Casting.— «Boxing-up" of Patterns.— By two Methods. 
— Attachments of Bed.— Types of Bedplates. — Core-boxes.— Buck- 
ling of Castings. — Theory at Fault. 

There is no limit to the forms wluch bedplates may assume. 
But however their details may vary, a bedplate is a bed- 
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Fig. 78. 




CORE PRINT 



plate after aU. Any piece of casting which becomes the foun- 
dation for machinery may be termed a bedplate or baseplate. 
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In a general way we should define it as a plate of metal 
rendered rigid by means of ribs or flanges. There may be 
bearings, brackets, facings, lugs, bosses, recesses, mouldings 
also, which will complicate the pattern in a greater or less 
degree ; but the remarks following will apply in a general way 
to all castings of this class. 

We will, first of aU, give detailed directions for the making 
of a common type of engine bed, and afterwards pass on to 
observations of a more general scope. Say, then, we have to 
make a bedplate for an engine of the ordinary horizontal type. 
The bed is of a type which in these days of compact and cheap 
engines is becoming somewhat antiquated ; but it is purposely 
chosen because it illustrates well the method of *' boxing up," 
and affords a good medium for the remarks we wish to make 
on beds in general. It is a plain bed shown in Fig. 78. Two 
ways of constructing it would occur to the pattern-maker. One 
would be to make the pattern like the casting, allowing every- 
thing to deliver itself ; the other would be to take out the 
space between the ribs with dried cores. Selecting a bed 
having a section like Fig. 79, the first method would answer 
very well; but taking one with a section like Fig. 78, the 
second plan would be preferable. Where the pattern delivers 
itself, the sides (Fig. 79, a, a) must be tapered, or set out of 
perpendicular, say i inch or \ inch, de- f ,.,„..,..........,^..^.. 

pending on the depth of the bed ; and the 
flat ribs or flanges, h, ^, must be held only 
temporarily with wires or ''skewers," so 
that after the pattern is rammed up they Fi»- ''^* 

may come away loosely along with the body of sand which 
forms the hollow portion of the bed, to be subsequently 
withdrawn sideways. But where the hollow portion is taken 
out with cores, as in Fig. 78, the pattern will be made just 
as though the casting were not to be hollowed out at all, and 
core prints on the back (enlarged section) wiU give the only 
indication that the bed is not intended to be solid. Let us 
premise that when we mention the back of a pattern we mean 
that portion in the top of the mould — in the case of our bed, 
that portion which bolts on the foundation-stone. 

Now, it would always be more convenient to lay cores in the 
bottom part of a mould than to hang and screw them in the 
top. But as we have already mentioned, when speaking of 
cylinders, the bad metal always rises uppermost, and it woidd 
be highly detrimental both to the strength and appearance of 
a bedplate to have a quantity of scurf and air bubbles spread 
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over its surface, where facings, bearings, bosses, &c., require 
to be faced bright, and where a fiound plate is necessary to 
Buetain the complicated strains and stresses of moving parts. 
Hence it is usual to east beds with 
V IN, the plate downwards, and to hang 

'v \^ the cores in the top. 

*^v \^ If we had to make a small bed- 

^^^y_^ plate for a four or six n.r. engine, 
we should plane up solid stuff and 
mortise the crossbars (Fig. 78, i, b) 
into the sides, c, c, a process suffi- 
ciently simple to need no descriptive 
detail. But if the bed were a large 
one, say ten or twelve feet in lengtu, 
we should " bos it up." In illus- 
tration, suppose we had a plain 
rectangular piece to box up, 1 2 feet 
long, with a 9-inch by 6-inch cross 
section, and had I-inch stuff avail- 
^ able for the purpose, we should get 
ij out the two sides 9 inches wide, and 
'' the top and bottom each 4 inches 
wide by the 12 feet in length, drop 
the top and bottom between the 
sides, and nail together. Internal 
support would be given to the ' ' box " 
by cross-bars or blocking pieces 
plaeed at intervals of about a foot. 
By building up pieces of heavy sec- 
tion in this manner a saving of 
timber is effected, and the liability 
of the pattern to warp and twist out 
of truth is lessened. 

We can apply this method to our 
bed in one of two ways. The sides 
and cross-bars may be each boxed 
up separately — squared off to their 
respective lengths, and fastened to- 
ightly fitting dowels, assisted by screws driven in 

J. The better method, however, is to frame the top 

and bottom plates of the pattern together with half-lap joints 
(Fig. 80). Then to take the pieces intended for the sides 
and screw them on separately through one plate, first remem- 
bering to screw the inner sides, a, a, of the bed to the ends of 
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obliquely. 
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the cross ribs, J, h, 5, h, before the outer sides, c, c, are put in 
place. The sweeped or curved end, d, may be built up with 
an outer and inner course of circular segments, or simply of 
circular arcs. Then, when the sides are all complete, place 
internal cross-bars, to insure the necessary rigidity during 
ramming up, and screw on the top plate, e. 

Proceed to dress off all overlapping joints, and to mark 
out. all centres. Dowel prints J inch or f inch thick on the 
back to carry the lightening cores, for if screwed fast, the top 
sand, on being lifted, will be torn away ; if doweUed they 
come up with the top, and can be taken out one by one. A 
moulding, d, d, will be carried round the lower edge of the 
casting ; plane this to required shape in strips, and screw on. 
Eound the semicircular end it will be **saw kerfed" after 
carpenters' fashion, or it may be worked in short sweeps with 
gouge and chisel, which is the better way of the two. Lugs 
or ears for bolting down, e, will likewise be made, and 
screwed to the outside of the moulding. A bearing, f, 
will be cast on to carry the crank-shaft. It will be at an 
angle of 45° or thereabouts with the face of the bed, and 
will require to be drawn from the sand pa/rallel with its own 
centre line. Therefore it will be dowelled, and left loosely in 
the mould. This also will be lightened with a core, and the 
recess for the reception of its brass bearing will be either 
taken out with a core or cut in the block, it is immaterial 
• which. Bosses for the guide-bars are turned and pinned on. 
Facings for the cylinder will complete the bed. 

I cannot recall to mind any type of bed casting which 
cannot be made in one or other of the ways which I have 
indicated in this chapter. Broadly, then, they may be divided 
into beds either solid or boxed up, and beds the counterparts 
in shape of the castings ; in the latter case leaving their 
OTHi cores, in the former hollowed by dry sand cores. In one 
or other of these methods, or by a combination of both, all 
bedplates can be made. In some classes of work drawbacks 
are useful ; but as a chapter (XX.) is devoted to this and 
kindred subjects, we will not enter into it here. 

The core-boxes remain. They are readily made. The sides, 
including the depth of the core together with its print, are 
grooved out for the reception of their ends. Manges are 
dropped within the box like the internal flanges in the casting, 
but thicker than those by the added thickness of the print 
(Fig. 81, «, a). As the cores are sometimes of different lengths, 
though of the same section, one box is made to do duty for 
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them all, their varioua leagtha being given by au adjustable 
aUding end, screwed where reijiiired. The lightening core 
in the bearing will require its aitecial box, and 
will bo adjusted by chaplets — a print on the 
bottom not being available ; or it may be screwed 
through one of the long cores into the top. A 
special box may also be made for the semieir- 
oular end, or, if economy is to be studied, the 
end core may easily be strickled. All that is 
neceBsary then is a strickle about an inch thick, 
cut to the shape of the core section, and a thin 
SECTION or oast plate of iron to strike and dry it upon. 
coBE BO* The conclusion of this chaptt^r will be a fitting 

*^""' occasion to say a word or two upon the 

"buckHng"of castings, and of the measures to bo adopted 
in order to guard against the evil of castings coming out 
crooked when they ought to bo straight. The moulder may, 
by judicious cooling, do muuh to miuinuse this evil; but 
the issue depends chiefly on the relative proportions given 
to the patterns. Yet proper proportions once attained, slight 
departures from those wiQ so modify the conditions of regular 
cooling that it is very difficult, ^most impossible, to lay 
down any reliable rules in these matters, or to aay before- 
hand how much a casting in which the proportions of 
metal are unequally distributed will curve in cooling. The 
only useful guide in these things is that afforded by the 
constant habit of observation and a long experience. Our 
engine bed will certainly curve in cooling, so that if the 
pattern were made straight the plated portion of the casting 
would be hollow when cold. To what extent it would curve 
it would be impossible to say without previous experience. It 
may be i inch, J inch, or i inch, according as the moulding 
and inner rib are thici enough to compensate in a gi'eater 
or less degree for the larger extent of metal in the top 
plate. We therefore round the pattern to the same extent 
that we expect the casting to go hollow, and in the opposite 
direction. 

Yet, although a long narrow bed will curve to a considerable 
extent, a broad plate made double for a pair of engines will 
be found to remain very much like the pattern. And the rule 
appears to bold good that the narrower the casting the more 
liable it is to warp. Breadth apparently gives rigidity, 
einoe on a long narrow easting a very shght excess of metal 
will cause a curve in the direction of that excess, while 
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on a broad casting it would have no ill effect. Other condi- 
tions being equal also, a light casting will always *' go" more 
than a heavy one, and will be influenced by slight modifica- 
tions that would not affect the heavier one. The quality of 
metal, too, is not without its influence, hard iron being more 
liable to curve than the softer kinds. Every now and again, 
however, things crop up in foundry practice which appear to 
invalidate one's pet theories on this subject. 



CHAPTEE XII. 



FLYWHEELS. 

Pattern "Wheels. — ^Wheels struck up. — ^Wheels with Cast-iron Anns. — 
Striking the Core-bed. — Size of Cores. — Form of Core-box. — Laying 
Cores in position. — Top part of Mould. — Wheels with Wrought-iron 
Arms. — Sweeping up the King. — Core-box for the Arm Bosses. — 
Casting of Central Boss. 

Flywheels permit of very little variation in design. We may 
divide them into two classes — those with cast and those with 
wrought-iron arms. The former are the more rigid, the latter 
are the safer. 

Except in the case of standard wheels made for engines 
which are a speciality, and which, therefore, require a 
repetition of castings all exactly alike, very few flywheels 
are made from patterns, but are struck up. If, however, we 
had to make a pattern for one of these standard wheels, or one 
for a small engine, we should proceed as follows : — 

Build up the rim in courses of segments, a-s in the case of a 

toothed wheel (p. 18), and lock the arms 
together, according to directions also pre- 
viously given (p. 25). When the rim is 
built up to half its full thickness plus half 
the thickness of an arm, turn its inner por- 
tion to the correct diameter, and notch out 
recesses to receive the ends of the arms. 
Glue these in, and above them glue on the 
remaining courses of segments. Then com- 
plete the turning of the rim, and work the 
arms to shape (Fig. 82). If the wheel were 
SECTION A A large it would be more convenient to work 

the arms before glueing them in place, 
leaving only the radii which merge into the 
rim to be finished in position. Suitable bosses 
will then be turned and screwed on the 
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centre of the wheel, and the core print put on the centre of the 
boss which is in the down side of the mould. 

But suppose we have to make a large wheel, ranging any- 
where between 4 feet and 12 feet in diameter, without a pattern. 
We should proceed in this way. We should make a board 
chamfered like a loam board, and, like it, fastened to a centre 
bar (Fig. 83), to Strike a ring of sand of the same diameter 
as the periphery of the wheel, the top edge of which ring 
would be struck off level by the board to form the joint 
for the top of the mould. The disc inclosed by this ring would 
be struck to a true plane of sand at a depth below the joint 
equal to the thickness of the wheel rim. During the process 
of striking, the sand forming the outside of the rim will 
break away and fall down to a certain extent. A sweeped 
piece, worked to the proper radius and depth, will therefore 
be necessary to mend this up smooth and sharp (Fig, 84). 



^^OiWt'i "** 



fv 



^^ '™=^"" -^^^ 



;ORC. BCO 



Fig. 83. Fig. 84. 

Further, if the flywheel be shallow, the striking board must 
be modifi.ed a little. From the inner diameter of the ring 
right away to the centre it must be cut deeper by 2 inches 
or 3 inches, thus recessing the bed below the edge of the 
rim by that amount (Fig. 83), where the core-bed is seen to 
be below the face of the rim. The object of this is to get 
sujficient depth of sand and grid room in the cores which 
are to form the arms. There should not be less than 1 J inch 
or 2 inches for sand, and 1 inch for grid allowed over the 
thickest part of the arm. 

Two cores, placed face to face, make up an arm. They are 
jointed in the circular plane of the wheel, and extend from the 
inner diameter of the rim to the central boss. If, then, our 
bed were level with the edge of the rim,'our core-box would be 
just half the depth of the rim. If the core-bed were sunk 
lower than that edge, the core-box would be thicker than half 
the depth of the rim by that amount. 

The box must be sufficiently wide to give 3 inches or 4 inches 
in breadth of sand for radial jointing where the cores abut 
against each other around the boss. There should also be 
enough sand to include the radii or hollows where the arms 
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sweep into the rim. It will be framed together in the usual 
fashion of rectangular core-boxes, with two sides (Fig. 85), 
haying their two ends kept in position by shallow grooves. 
The end which represents the inner diameter of the wheel 
will be hollowed to the same sweep as that diameter. At the 
opposite or boss end, two symmetrically shaped joint blocks, 
a, a, will be fitted, including between them an angle of 60°, 
that being the angle which the cores will occupy in relation to 
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Fig. 85. 

each other in the mould for a six-armed wheel. On one edge 
of the box so made a bottom board will be dowelled. 

We have now our box in outline, requiring the arm to 
complete it. As the cores are to be jointed in the centre, both 
top and bottom cores must evidently be alike, and our arm 
will represent only a half aeotion. 

Prepare, therefore, three pieces of wood, representing 
respectively the straight portion of the arm, J, the sixth part 
of the boss, including the hollow by which it sweeps into the 
straight arm, Cy and the sweep curving into the rim, dy each in 
half section. Dowel or screw these in the centre of the core- 
box and upon its bottom board. A sixth part also of the cen- 
tral core print may be put on the boss segment, if the box is 
deep enough to allow of this, or the core may be centred in the 
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OF CORES 

Fig. 87. 



mould after the arm cores are laid in place. Notches, e, e, will 
be cut out on the top edges of the core-box to take the grids 
(Fig. 86). A grid is a cast-iron frame of latticework, which the 
moulder uses for the same purpose as the bricks and plates in 
a loam mould, viz. to give rigidity to the core. Those portions 
of the grid which project beyond the core are in this case also 
used for the purpose of screwing the top and bottom cores 
together before casting. 
The cores, when made, are dried, blacked, jointed (Fig. 87). 
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and laid in the mould, as indicated by the dotted lines in Figs. 
88, 89. There wiU then be open spaces, a, between each double 
core, which must be filled up to form that portion of the rim 
not already formed by the sweeped ends of the arm cores. 
These intervals may be filled up either by distinct cores, in- 
volving a box, or by a sweep, against which the moulder will 
ram green sand, similar to the one used for mending up the 
outer sand, but cut in the opposite way, viz. hollow, and of 
the same radius as that of the inner part of the rim. 

Then there remains the top of the mould. This is struck by 
a board, and generally in loam — sometimes, however, in green 




Fig. 88. 
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BOTTOM OF CORES 

Fig.89. 

sand, viz. ordinary moulding sand. If in loam, it is struck 
on a circular cast-iron plate, roughened over as usual to hold 
the loam ; if in green sand, a top-part box will be used. If 
the cores are deeper than the rim, as in Figs. 83, 89, the 
board wiU be shouldered as in the bottom. This completes the 
wheel as far as the pattern-maker's work is concerned. 

G 
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But in wheels running at liigh speeds, and eapecially i 
wheels badly proportioned, people have learned to distrust 
L'ast-iron, and though the massive rim ia retained, it is in 
many cases considered preferable to make the amiB of wiought- 
iron. In wheels made entirely of cast-iron the disproportion 
often existing between the heavy rim and the comparatively 
Blight anns seta up initial Btrains within the casting at the time 
of cooling, which become a perpetual source ot insecurity. 
Hence reason and experience have decided against the use of 
such, wheels for quick-running and heavy machinery, and in 
favour of thoso with wrought-iron arms. The strength of 
these wrought-iron arms also must bear a proper relation to 
the momentum of the wheel, else they will twist off close to the 
boss, as I have seen in more than one instance. 

To make such a wheel, quite a different modo of procedure 
must he adopted from that just described. In the first place 



^ 




we shall make the rim in another way, though still without a 
complete pattern. We shall have no board, but a sweep of 
exactly the same section as the wheel rim, and a foot or two 
a tcTiow „ longer (according to the size of the wheel) thaa 
—""""'^ the sixth part of its circumference (Fig. 90). 
Exactly one-sixth part of the inner circumfer- 
ence of the wheel ( = its radius) will be marked 
on the inner edge of the sweep, and on the cen- 
tres BO marked prints and half bosses for the reception of the 
arms will be fastened (Figs. 90, 91). 

Then the sweep, with its bosses and prints, is rammed up 
in sand level with its top face, and withdrawn. It ia then 
carried round exactly one-sixth of its circumference, and 
its right-hand print and boss ia dropped into the impres- 
sion just made by its left-hand print and bosa. There the 
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Bweep 18 again rammed up, to be again withdrawn and 
removed, until the ring, with its six boaees and six prints, is 
i. The reason why prints are used is obvious on a 
1 consideration. The wheel being moulded in seg- 
s it impossible to ram up a top part in place, as 
in the case of a pattern, and, as a consequence, the ouly pos- 
dble way of making the top half of the boss is by a core. 

Thia core-box will consist of a rectangular frame, having 
one side sweeped to the inner curve of the rim, and a bottom 
board, on which will be fastened the hall boas and print 
(Fig. 92, enlarged for distinotneHs). 
These must be exactly in the centre of 
the box, and of exactly the aame shape 
and size as those whjch are fastened 
on the rectangular print ; otherwise 

there will be overlapping of joints in ; 

the casting. In fact, it is usu^ to joint ^'^' *"' 

the two boss halves and turn them together ; then, tating 
them apart, use one for the core-box, the other for the pat- 
tern. The print in the boss is of the same diameter as the 
wronght-iron anna, and that part of the arm which enters the 
boss is jagged or notehed, in order that the caat-iion may 
embrace it flie more securely. 

The mould for the rim having been completed, the arms 
are laid in the prints ready for their reception, the rectangular 
cores are laid over their ends (each in its print), and the 
entire ring is covered with a flat surface of loam or green 
Band. The rim is then cast and j^owed to cool. When cool, 
but not guile cold, the boss will be caflt on the opposite or 
central ends of the arms, which also ■will be jagged to pre- 
vent possible loosening. 

The reason why the boas is cast on after the ring has cooled 
is that the contraction of the ring in cooling is ao largely in 
excess of that of the boss, that the rigidity of the latter, 
supposing it were cast at the same time with the ring, by pre- 
venting the arms from coming inwards, would infalliby either 
bend the arms or fracture the rim. Hence the boss is always 
cast when the rim has nearly, but not quite, done contracting, 
there being, of course, a slight amount of shrinkage on the 

A complete pattern boss is wanted, jointed in the centre of 
the arm bosses in a direction parallel with the plane of the 
■wheel. The boas mould also ia made in halves, and usually 
dried. 




Curving of Pulley Arma. — Necesaity of dne Proportiooing of Parta. — 
Eim. — Arms. — Bosa, — Wood Pattema. — Iron Patterns: (I-) Made 
by Board HDd Cora-box ; (II.) By Sweep and Arm; (TIL) By King 
and Set of Arms. — Split PulleyB. — Metal PattornB. — WJiy used, — 
Their Preparation. — liange of tteir Utility. 

The ftmiB of puUeys, or of riggers (Fig- 93) as they are 
Bometimes called, are uaually Qurved, except in the ease of 
those of very small diameter. This curvmg is considered 
essentiiLl in these light casting's, lest the shrinl^ge of the hoBS, 
■which remains hot longest after eaeting, should tear the too 
rigid arms asunder, either in the mould or at some aubsequent 
period. Straight arms would be unyielding, vrhile curved 
ones are somewhat analogous in character to a bent spring. 
For the same reason also the greatest care is necesaaiy in 
properly proportioning the metal in the different parts — the 
boss, arms, and rim. To reduce the metal in the boss is the 
great essential. A heavy boss will infallibly break either the 
arm or the rim. If the rini is very rigid the arm will break, 
while if the arm be too stroag the rim will break. In either 
case the mischief is due to the internal tension or stress set up 
through the contraction of tho boss continuing after the rim 
and arms have cooled down and set. Hence, let the pulley be 
so proportioned that the boaa shall contract very little after 
the other parts have cooled — so little that tbe moulder can 
counteract that small excess by opening the mould around it 
and allowing it to cool while the rim and arms still remain 
covered. Make the boss as light as possible consistently 
with safe working, and give the necessary strength for keying 
by adding a key^vay boss (Fig. 93, a). 

In proportioning pulleys, let the rim be from i=o- inch thick 
in small riggers to J in,ch or -jV inch in large ones, when turned. 
For pulleys running at a high speed give i inch or A mdh 
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rounding per foot widtli of surface ; for those running at slow 
speeds, say, f inch of rounding per foot. TMs rounding must 
be omitted in the pattern, except where it happens to be parted 
in the centre, care being taken, however, to allow sufficient 
thickness of rim to permit of the casting being turned to this 
extent in the machine shop. 
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For the curves of the pulley arms set rules could be given ; 
but for my part I prefer simply to line out roughly with a 
pencil an arm which has a graceful appearance, and then 
adapt radii to it. In giving to the arms their cross sections a 
trained eye is almost or quite as safe as rules ; but in the ab- 
sence of experience the following rule gives correct results f o 
pulleys doing ordinary work :■ 



where 



h = breadth of arm at point, 
d = diam. of pulley in inches, 
to = breadth of rim in inches, 
n = number of arms. 
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Thus a pulley 4 feet in diameter by 9 inches wide, hawig 
six arms, would hoTO im ann 2 inctea wide at the point. 
Near the boBs the arm should be one-third wider than it is at 
the rim. Its section should be elliptical, and its thickness eq^ual 
to half its width. If made thinner, the BtTeng:th must be made 
up by cross ribs running down its centre (Fig 94). 

The thickness of metal around the hole or e^e is variable, 
depending upon the size of the shaft and the diameter of the 
rigger. A rigger on a small shaft 
will require less metal than the 
same rigger on a large shaft, be- 
cause the torsional strain is less in 
the former case than in the latter. 
A large rigger will require more 
metal than a small one, because 
both torsional and centrifugal 
force will be greater in the case of 
the large than of the small one. 
TTp to 2 inches or 3 inches in bore 
the boss is generally made twice 
the diameter of the shaft ; over 2 inches or 3 inches a leas 
ratio obtains. Practical men usually judge by the eye in 
proportioning a boss. A formula which gives a good boss 
ia this : — 

D + d + 5 = t 
Where D = diam. of pulley in feet, 
d ^ diam. of shaft in inches, 

t =^ thickness in metal in boss in eigMhs of an inch. 
The length of boss may bo "two-thirds the breadth of pulley, 
except in flie case of faat- and- loose pulleys, where they should 
be a trifle longer than the breadth of rim, i inch or there- 
about. The koyway boss should be as thick as the depth of 
keyway, and embrace one-sixth of the circumference of the 
main boss. 

Small strap pulleys are sometimes made from a complete 
pattern of hard wood, in which the rim is built up in segments, 
and the arms let in when the building-up process has reached 
to the centre. Owing, however, to the extreme lightness of 
these pulleys, wooden patterns are too flimsy and fragile for 
those of larger diameter or those intended for repeated use. 
Hence in usual practice we discard wooden patterns, and 
resort to as many as three other different methods of making 
pulley castings. The first and least commendable method ia 
that described in connection with the fiywhod with cast-iron 
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arms in the previouB chapter, viz. that in which a board aad 
eore-box is used. Except for a makeshift and temporary job 
thiaiBnottobereconuneaded, not even for large pulleys, much 
lesB for those of moderate size. An iroa pattern is far prefer- 
able, and is essential where there is a repetition of castings. 

The iron pattern itself Tvill be made either from a rough 
woodeE pattern, juat strong enough to hold together for the one 
moulding, or from a previously existing casting, or it may be 
struct up. If deep, it ought to be jointed in the centre of 
the arms, to afford better facilities for moulding (Fig- 9^, 
section). An iron pattern, in halves can be made very readily 
thus : a sweep, half the total depth of the xim, can be worked 
round to form the ring, and a single arm and boss, jointed 
down its centre, can be rammed up eis successive times to 
form the sis arms of the pulley. Two separate halves can 
be made in this manner, and be jointod afterwards to form 
a complete pattern. A pattern thus made must be dowelled, 
turned, and filed in the fittiiig-ahop, and then varnished or 
beeswaxed, warm, before it is ready for the foundry. This is 
somewhat costly, hut the first expense over it is, accidents ex- 
cepted, imperishable, and free from the defects to which wooden 
patterns are liable, as warping, shrinking, and such like. 

A third method is to have an iron pattern still, but in a 
modified fashion. There will be an iron ring (Fig. 95} repre- 




senting the pulley rim, turned inside and outside, but wide 
enough to embrace the widest pulley that may reasonably be 
expected to occur — say 12 inches to 15 inches. This will be 
made from a sweep in the first place. Also a complete set of 
annB distinct from the rim, with a hole in their centre for 
the reception of separate bosses of any required diameter 
(Fig. 96). The advantage of this latter method is that 
pulleys may be made off such a pattern of different widths, 
and with bosses varying in size to suit different- sized shafts. 
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These, of course, are expensive, but are everlasting, and 
extremely convenient for making pulleys of variable widths 
and bores. The inconvenience caused by the absence of a 
joint is got over by the moulder thus : He does not ram up 
the top box over the rim and arms, as in an ordinary pattern; 




Fig. 96. 

but using the rim and arms as a core-box, makes and lifts away 
two cores, top and bottom, to be replaced after the outside of 

the rim is ranmied up. The 
necessary depth of rim is 
given by a strickle working 
down from the top edge of 
the rim. 

Pulleys are often split for 
the same reasons that cog- 
wheels are split, when they 
are to occupy some interme- 
diate portion of a shaft (Fiff. 
97). The same process is 
Pig 97 adopted as in cogwheels 

(Chapter VII., p. 47), blocks 
and prints and splitting plate pattern being required. The 
curving of the arms gives a rather unsightly appearance to 
the lugs on the boss, but it cannot be avoided, and is a 
matter of no real consequence. 

Metal Patterns. — ^A few remarks on these, suggested by 
the subject now discussed, may fitly close this chapter. Patterns 
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are very often made of metal. They are so made when, from the 
flimsy character of the work, a wood pattern would get out of 
shape or become broken to pieces, or where the number of cast- 
ings required is so great that a wooden pattern would not last 
long enough to mould the total quantity. In the former cate- 
gory may be classed all kinds of light and ornamental work ; 
in iJie latter, almost anything of moderate weight. 

If we make a pattern of wood from which to mould a metal 
pattern, we do not bestow anything like that amount of labour 
upon it which we should devote to one for standard use. We 
should neither build it up with a view to strength and durability, 
nor should we finish it so neatly. It will be made so that it 
might be moulded once, after which it is useless. But we bestow 
all our care on the metal pattern. We should turn it where 
circular, and plane, or file, or grind portions which could not 
be turned. If made of brass, nothing further is requisite ; 
but if of iron it must be coated with some preservative against 
rust. Warm the metal and rub it over with a rag dipped in 
melted beeswax. This forms a glossy skin, and allows the 
metal to leave the sand readily ; or varnishing with shellac 
varnish also answers very well. But to insure the adhe- 
rence of the varnish on bright work it is necessary to rust 
the metal first. Wet it with a solution of salammoniac, allow 
it to dry, then gksspaper and varnish. 

In making a wood pattern for a metal one double contrac- 
tion must be allowed, since there will be the contraction of 
the metal pattern itself besides that of the casting to be 
allowed for. 

The use of metal for patterns is not, however, restricted to 
iron and brass. Sometimes we want a curved casting, and 
various reasons would concur to render the working of wood 
patterns unadvisable — ^the attendant expense, the weakness of 
cross grain, the difficulty of marking out, and such like. Then 
we make a straight wooden pattern, cast it in lead, and bend 
it to shape afterwards. From this a more rigid iron pattern 
can be made if required. 

Lastly, wood patterns will often have metal parts. Thus 
the bearing faces for the shoulders of brasses when skewered 
on are usually made in metal, since in wood they would become 
broken in consequence of their fragility. The letters for name- 
plates also are cast in metal and fastened to a wood plate, and 
we shall find as we go along many cases in which the pat- 
tern-maker resorts to the use of metal as being preferable to 
that of wood. 



CHAPTEE XIV. 



MISCELLANEOUS ENGINE WORK. 
Eccentric Sheaves. — Straps. — Slide-ralves. — Guides. — Cross-heads. 

Beyond the cylinder pattern, the pattern of its bed, and the 
flywheel, there is nothing in engine work difficult or intricate 
from the pattern-maker's point of view. Hence we shall run 
rapidly through the only items that call for remark in con- 
nection with an ordinary engine, comprising them in the 
compass of a single chapter. 

Double eccentric sheaves, forward and backward, are cast 
together. The pattern itself consists simply of two plain discs 
dowelled together, the grooves being turned out in the casting. 
But the dowelling together of the discs requires care. Proceed 
thus: — Say we nave an engine with |-inch lap, tV-lead, and 
2J-inches throw of sheave. Strike a circle 2J inches dia- 
meter on the centre of the crank shaft, and draw a line 
through its centre (Fig. 98). At a distance away from this 
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Fig. 98. 



Fig. 99. 



line = iV = lap and lead, and parallel with it jdraw another 
line. The two points where this second line cuts the 2 J-inch 
circle will be the centres of the two sheaves, forward and back- 
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ward respectively. Strike the circles representing their dia- 
meters ; lay one disc upon the drawing on its proper circle, 
and dowel the other upon it perpendicularly over its circle, 
adjusting it with set square. Put the print for the shaft-hole 
on the pattern for one pair of sheaves first, say the right hand. 
Cast one off, then remove the print to the other centre for the 
left-hand pair. 

As small eccentric straps (Fig. 99) are usually made in 
gunmetal, the grooves in many instances are cut out in the 
pattern. The neatest way to get out the inside of the strap 
with its grooves is to turn it ; but as an allowance for facing 
is given in the joint, which makes the pattern iV inch more 
than a haK circle, the straps are turned a half at a time, a 
false Mock being screwed on the face plate to complete the 
circle — its face standing i\- inch back from the centre line — 
while the two half straps are being turned in succession. 
The outside portion, with its lugs for bolting together, is 
worked by hand, away from the lathe. The lug or facing 
for eccentric-rod, and the oil-cup boss (not shown) are put 
on separately. Straps are moulded at pleasure either on 
their sides or edges, the latter giving, as a rule, the cleanest 
metal. 

Slide-valves of the D-shaped type are those most commonly 
used. Ordinary valves are too simple to cause any trouble 
to the pattern-maker, accuracy being the important condition. 
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Fig. 100. 



Fig. 101. 



The usual D-shaped valve, as the type of the class, is the only 
one therefore that calls for specisd notice. A glance at the 
sketch (Fig. 100) will indicate the way in which it is made. 
The block (Fig. 100, a) forming the inner portion of the valve 
is planed to width, and marked out and worked through with 
gouge and chisel. The sides, b, b, are also worked to shape 
and then fastened to the block. The piece, o, for the reception 
of the valve-rod head is fastened in place, and a print for the 
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nut core bradded on. An allowance of i inch ia made on the 
face D for planing, and the same at ends, e, e, for accurate cut- 
off ; a similar allowance also at sides, s, f for close fitting into 
the steam-cheBt. 

A D-valye, like Fig. 101, is made in a similar way, except 
that, after the D shape is worked, a half-round piece, a, is 
glued within, and when dry the recess, &, for the valve-rod is 
worked on the outside, the pieces, e'e, being fitted and glued 
round the curve to form the flat edges and ends of the 
groove. 

A valve, lilte Fig. 102. is made in three pieces, as in the 
first instance, or cut out of a sohd piece of stuff ; but the out- 
side, instead of being worked half-round, ia 
paitly turned and partly dressed off by hand. 
Allowance for turning ia made also where 
^ SEeTToN^^ ^^ ^y® °^ ^^^ valve-rod slips over. 

An ordinary steam-chest calls for no spe- 
cial remark, and of a double-flanged one it 
^i?° '"V '* sufficient to note that the bottom flange 
J >'---." I must be left loose from the body. Patterns 

'^ ^^ also for plain, flat guide-bars are made juat 
like their castings, so we say nothing about 
them. Instead, however, of the old guide- 

SECTioN cular cross-head, are commg mto common 

Ffg, lOB. ■'ise. They are cast in a piece with the 

cylinder cover, have a massive appearance, 

require little fitting, and owing to the large extent of surface 

over which the friction of the cross-head is distributed, wear 

for a very long time. 

The pattern is made in halves, jointed longitudinally (Fig. 
103), and has a print at ea<!h end. The open parts of the 
guide (Fig. 103 c, o) are cat on the pattern as far inward aa 
the diameter which corresponds with the body core of the 
guide (Fig. 103), section, d, d. 

Por the core, a box is necessary, owing to the existence of 
the facings, e, e, for the cross-head, which wiU not allow of ita 
being struck up. The box is dowelled in halves, and worked 
wi^ templets. Fig. 104 shoivs one half, looking into it from 
the joint. 

The cross-head, or head of the piston-rod, is of the shape 
indicated in Fig. 105, when flat guides are used, and like 
Fig. 106 when it works in a. circular guide. In the former 
case the pattern would be jointed and cut out to the shape of 
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the casting, the holes, if large, being cored with a parallel 
print bridging over between the sides. In the latter form 
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Fig. 106. 



(Fig. 106) the inside is taken out with a core, the pattern 
moulding either on its side or on its end, and requiring no 
joint. Ijdl either case the core-box will be jointed longitu- 
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dinally, and the holes, a, a, will be cut out in top and bottom 
boards^dowelled on the box body, which boards will also cany 
the top and bottom facing bosses, h, h. 

Cranks, brasses, pistons and their rings, slipper blocks, 
governor castings, except when there is something special in 
their construction, are too simple to need description from the 
pattern-maker's point of view ; so with this chapter we dose 
our remiarks on engine work and pass to other subjects. 



CHAPTER XV. 

SHEAYE-WHEELS. 

Modified Frovisions for the Reception of the Chain. — Patterns.— -Mode of 
Jointing. — Built-up Patterns. — ^Templets. — Sheave-wheels with Cast 
Arms. — ^With Wrought-iron Arms. — Core-box for Kim- cores. — Cen- 
tral Boss. — Sheave-wheels made entirely with Cores. — Their Boxes. 
— Eecessed Chain-wheels. — ^Eope-wheels. — Wave-wheels. — Projection 
of the " Wave." — Sprocket-wheels. — Wrought and Cast Fingers. . 

A SHEAVE^WHEEL is a wheel with a rim grooved or hollowed 
out for the reception of a chain or rope. We take the chain- 
wheels first in order. 

In a plain sheave the chain lies in its groove in the direc- 
tion shown in Fig. 107. But a chain when in motion is always 
apt to twist, and when, as in hoisting machinery, a heavy load 
is directly dependent from it, a sudden return to its normal 
position will be accompanied by a jerk, and., as a consequence, 
a considerable extra strain will be put upon it at once. Hence 
it is customary where the wheel is immediately over the load 
dependent from the chain, and not merely acting as a carrier 






Fig. 107. 



Fig. 108. 



Fig. 109. 



or support, to use, instead of a smooth sheave, one grooved 
out, so that the chain links may lie successively parallel with, 
and at right-angles to, its axis (Fig. 108). Further, in the 
differential puJley-block, and in aU cases where the wheel has 
to draw the chain along, the friction of the simple groove 
would not be sufficient to overcome the resistance of the 



96 FATIERN-UAEINa. 

load, and then the vlieel ia receeeed at regular mteirals to 
receive the alternating flat links (Fig. 
109). 
'' These wheels, if small, will have 
plated centres (Fig. 110); if mode- 
Fig. 110. rately laive, cast-iron arms vrith 
transverse ribs (Fig. Ill); if veiy large, wrought-iron anoe, 
vhicb will be uauatly strutted (Fig. 112), 
If a whole pattern — that is, one not cored out round the 




B made for a sheave-wheel, it muat be jointed in the 
centre, because the groove for the chain will have to be 




lifted away as a middle ring of sand. Whether it be a 
wheel with arms, or one solid plated, the joint may be made 
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either through, the exact centre of the amiB or of the plate 
(Fig. 110), or along their upper faces (Fig. Ill), the ring 
aloue in the upper portion being' left loose. When, however, 
the rim is eored out, both rim and arms (or plate) and circular 
print are aU made fast together (Fig. 112, aide a). 

Sheave-wheels are used generally as standard patterns, 
therefore it is well to take especial care in their construction. 
Glue them up in courses of segments, using thin stuff — say 
J-inch or J-inch — and good glue. Also peg each course with 
small pegs. Never mind about the pegs coming through 
here and there. If tho wheel is plated, have at least two 
t'ouises of se^euts in the plate, unless it be small — say leas J 
than a foot m diameter, in which case a piece of very diyj 
solid stuff will do. ■ 

The wheel, when glueil up, must be turned with templetftj 
made from the sectional drawing. Fig. 
113 shows the half-pattern in section, and 
the method of cutting the templets for its 
inner and outer portions respectively. The 
centre hole for the studs of the bosses 
will serve for rechucking the pattern when 
one face has been turned. We prefer 
haying a central stud hole for the recep- 
tion of separate bosses, to making the j 
bosses an integral part of the pattern, 
because we can then use the -pulley for 
different sized shafts by simply making 
fresh bosses of the required diameters. 

But if instead of a wheel with, a plated centre we have o 
with arms, we shall make those arms as for a spur-wheel I 
(Chapter III., p. 25), by locking them together and letting 
them into the rim (Fig. Ill, a, a), there gluing and bradding 
them. Similarly dobsos and cross-ribs (b, b, b, b), having 
a slight amount of taper, will be fastened to these flat ai-ma. 
Hollows may be put in or omitted at discretion. 

Nest take a large pulley with wrought-iron arms (Fig. I 
112). In some cases it will be advisable to use a complete' 
mttem on account of the number of castings demanded. 
The ring could then be made in the usual way by building 
up in two halves and jointing (Fig. 112, side marked b). 
The bosses and their prints (c) oa the inside of the ring would 
be jointed also. This will answer very well where the wheel I 
is of stout proportions. But if it were light in section, auch.f 
a pattern woidd not bear foundry usage very long, and an iro 




Fig. lis. 
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pattern would be advisable. But another method would be 
to build up a solid ring with a broad print (Fig. 112, side 
marked a), and to take out the groove with segmental cores 
— say ten or a dozen to the circle (Fig. 114, a). The 
advantage here would be that without making an iron pattern 
we should still have a rigid rim, not liable to become rammed 
out of truth — a matter of importance in a wheel of any kind. 
And further, although there is the additional expense involved 
in the making of the cores, we also save as a set-off against 
this the trouble of the middle-part box, since, instead of the 
joint on top and bottom, we want one joint only at the top face 
of the print. 

The core-box will be made thus : — ^Two sides wiU be pre- 
pared (Fig. 114, B, b). Their outer edges (c, o) wiU be worked 
to the same radius as the outer edge of the print c, in Fig. 
112. Their inner edges — straight — ^will extend about a couple 
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of inches below the line which represents the bottom of the 
wheel groove. In these sides cut grooves (d, d) i inch deep, 
radial from the centre of the wheel, and at a distance apart 
equal to the intended length of the segment of core ; a sixth, 
tenth, or twelfth of the circle, as the case may be. Into these 
grooves drop distance pieces of the width necessary to keep 
the sides at their proper distance apart — that is, equal to the 
thickness of the print. Then fit a couple of blocks (e, e) 
between these sides and ends, parted longitudinally down the 
centre of the box and dowelled. Work their edges (f) to the 
same radius as the rim of the wheel, then mark on their ends 
the rim section. Cut out the groove thus marked with tem- 
plet very truly, so that when the cores are made and laid end 
to end they shall correspond neatly, and not show a lapped 
joint in the casting. When worked, replace the pieces in 
position, and screw them one to each side of the box. It only 
remains now to put on the bosses for the arms, and to make 



the central boBS with ite prints precisely as in the case of a 
flywheel with wrought-iron arms (Chapter XII., p. 83). 

When the arms are strutted to give rigidity to the wheel, 
the bosses on the rim haye to be bevelled altematelj in oppo- 
site directions, and the prints on the central boss bevelled in 
like manner. These latter, too, in a strutted wheel should be 
poeiel prints, and not round ones ; for round prints would 
necessitate two Joints in the body of the boss, coinciding^ with 
the centres of the prints, while with pocket prints the joint on 
the top face of the boss is alone required. 

There is yet a conunon way of making a large sheave- wheel 
without a pattern at all. A glance at the sketch (Fig 115) 
will indicate the method to mdch I allude The 
light portion is the wheel rim in section — the 
dotted parts indicate two cores, one outer (a) one 
inner (b), forming outside and inside of nm re j 
epectively. It is seen that these cores are jomted 
at B, B. Of course the joint must be a curved 
one, both cores being worked to the same radius 
The outer edges of the cores (c, c) need not be 
curved at all, because they form no part of the 
wheel. Give sufBeient sand there, say two or tliree 
inches in the narrowest part, and b 
inch to 11 inch, at the sides. 

To make these boxes : — First frame sides and ends together 
for each respectively. Their ends must converge to the 
wheel centre, and must either cut through the centre of 
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I lesser amount say 1 




an arm boss or midway between two bosses. Thus, if the 
wheel have eight arms, there must be either eight or sixteen 
cores. Assuming there are eigbt cores, we have a half-boss 
at each end of uie inside box. The boxes must be equal to 
each other in width, which will include the width of the rim 
and of the two sand joints (b, b, Fig. 115). Then blocks will 
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be fitted 'between these boxes, aa in the last example ; those 
forming the wheel groove will be worked out by templet to the 
shape indicated in Fig. IIB, and those forming the inside por- 
tion of the rim wiU be worked like Fig. 117.* It is not 
necessaij to fasten either of these blocks in place, for if their 
flat bottom edges are planed while in position level with the 
bottom edges of their bosea, they camiot shift when being 
rammed on a level core-beucli or bottom board. The half- 
boss fastened on eaeh end of the inner box, together with its 
arm print reaching to the termination of the sand {Fig. 117), 

SECTION 
ON ,C D 




Fig. UJ. 



will complete the pattern-maker's part of the business, 
moulder simply guided by a line struck on a level sand bed, 
lays a ring of inner cores in place, brings the outer cores to 
abut against these hy the circular joint, thrusts the wrought- 
iron arms through their prints into the bosses, rams sand 
around the outaiae and the inside of the cores, and then casts 
the ring. When nearly cool the boas is cast around the oppo- 
site eade of the arms, as in the flywheel alluded to in Chapter 
Xrr., p. 83. 

A aheave-wheel recessed for alternate links of a chain can 
be made by pattern or core-box. It requires almost as much 
care in pitching out as a spur-wheel, because if there ia a 
slight initial error in the piteh, that error increases with each 
successive link. Thus, when we commence to lay the chain 
in, suppose we find the recesses are jS, inch too far apart, the 
error will not remain at ^^ inch all the way round the ring, 
but will be J- inch in the third recess, ,=„ inch in the fourth, 
J inch in the fifth, and so on, so that by the time we had got 
half-way round a large -wheel no reasonable amount of clear- 
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ance between the links and their recesses would prevent the 
chain from riding out of place. In pattern wheels we can 
always insure accuracy by roughing out the recesses on a 
slightly larger diameter than we deem necessary ; and then, 
trying the chain in, gradually reduce the wheel until it 
fits neatly all round. But when a wheel is made with cores 
we have not this chance, and then we must take especial 
care in getting the exact pitch of the links first of all, and in 
transferring that pitch to the drawing from which the core- 
box is to be made. Hence we must measure off the total 
length of a definite number of links, and divide that total 
length by the number of links measured ; this average will be 
the pitch of the chain, which we forthwith transfer to our 
drawing-board. Working thus we shall not find our wheel 
at fault after it is cast. Some clearance is allowed sideways 
and endways for the links, say ^ inch all round, and the re- 
cesses are worked out of the solid with gouge and chisel, in 
pattern and core-box alike. 

In aU other respects the directions we have given for the 
making of plain sheave- wheels will apply to these as well. 

A common rope- wheel is similar to a plain sheave-wheel, 
with the exception that its inner sides are inclined at a some- 
what acute angle in order to bite the rope in the bottom of the 
groove. This object is sometimes also assisted by little semi- 
circular bits, or nibs, pitched at regular intervals, and stand- 
ing a little above the groove. Be the rope-wheels large or 
small, the same methods of making the patterns will be 
adopted as in the previous examples. 

But there is a modification of this form which is sometimes 
used, and which is somewhat puzzling at first sight — ^I mean 
the wave- wheel form. It is a rope-wheel, in which the rim, 
instead of continuing in one circular plane, as in ordinary 
wheels, is bent or waved in serpentine fashion, the object 
being, of course, to increase the faction of the rope and thus 
prevent it slipping. 

This is a device which is seldom adopted in small wheels, 
and therefore it is so seldom necessary that a complete pattern 
should be made thus that we shall only consider it as applying 
to a wheel made entirely with cores. The remarks we previ- 
ously made as to the method of procedure to be adopted in the 
preparation of the core-boxes will be applicable here until we 
arrive at the working out of the internal blocks. Then our 
difficidty wiU be to insure that the metal in the rim shall be 
of uniform thickness throughout. If we go working away 
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at die curves at Tandom, trusting only to the eye for accurate 
results, we shall probably find a variation of i or J inch in 
the thicknesses of different portions of the castings. 

So we 'work in the following way : — ^Draw in elevation a 




segment of the wheel, equal in length to the intended length 
of the cores (Fig 118, a, b). Draw also lines on this view 
converging to the wheel centre from the pitch distance of the 
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wave, viz. at these points where it attains its greatest dovia- 
tion from the phme of the whed, A B, O D. iSra.w a portion 
of the rim with the intended width of the core-box hesides in 
plan (Fig 119), and oany the Knee repreaentiiig the pitch across 
it. At these points draw sectionB of the rim in ita extreme 
positions relative to the sides of the hoxet (Fig 120). Between 
these extreme deviations of the wave draw other lines at 




pleasure (not shown on engraving), projecting these to the 
plan, and drawing corresponding sections also in relation to 
the sides of the core-boxes. Then making tenrplets to the 
inside and the outside of the rim, all we have to do is to work 
narrow portions of the rim at the distances from the edge 
indicated in the sections, and \o shape the intermediate 
portions with gouge end chisel as regularly as possible. If 
this is done caref uUy there will be no appreciable difference in 
the thickness of different portions of the wheel rim when cast. 

The last form of chain-wheel we shall describe is that 
known as the sprocket wheel (Fig. 121). It is a form which 
is in very general use for the transference of motive power 
bymeansof a flat link or "pitch chain." like the chain- 
wheels, these require to be pitched out very carefully, else the 
pitch-chain would ride on the projections, or "sprockets," 
instead of dropping over them. 

These wheels are made in two forms, the first like the Fig. 
121, where the n)rockets are made of wrought-iron and cast 
in Uie wheel body; the second like Fig 122, in which the 
sprockets are a portion of the casting. In the former case 
they are dropped into prints, whose edges are their exact 
counterparts ; in the latter, the pattern and casting are pre- 
cisely similar. 
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In tbeae c&BtingB the lintB must dt die ^jlaces prepared for 
their reception ao nicely that it is sometimes necessary in a 
large wheel to throw avay the first cast and make a alight 
alteration in the pattern, a variation in the anticipated amount 
of contraction being sufBcient to cause i inch or 1 inch ot error 
in the aemicircumference. The wheel might be saved in such 




a case by filing a lot of clearance in the sprockets ; but such a 
practice is not to be commended. The accuracy of a small 
casting can be depended on. 

After what has been said about the building up of wheels, 
special remark is scarcely neceBsary in reference to these last- 
named. Note, however, that a built-up plate made in two or 
three thicknesses or segments is better than a single solid 




piece of stuff in which the sprockets are cut out, because short 
grain and shrinkage are both avoided thereby. On this plate 
the two portions of the rim are built with segments as usual. 

The prints for wrought-iron sprockets should be pocket 
prints, to be stopped over after the sprockets are placed in 
the mould. 

In Fig. 121, A A, are the boss thicknesses around Uie 
wxought-iron sprockets. 



CHAPTEE XVI. 

COLUMNS AND PIPES. 

Jointing of Columns and Pipes. — Lagging up. — Turning. — The Use of 
a Steady. — ^End Flanges. — Body^ Flanges. — Socket-pipes. — Putting 
Holes in Flanges. — Loam-pipes. — Fitting Branches. — ^Throat Core- 
boxes. 

Make it a rule to joint all columns and pipes, whether they 
be large or small. Jointing the pattern prevents the tearing 
away of the upper half of the mould, and the joint forms a 
convenient basis for the marking of centre and parallel lines, 
the setting square of blocks, facings, flanges, bosses, &c. 
Pipes and columns up to 7 or 8 inches in diameter will be 
made of solid stuff; if they exceed those dimensions they 
should be ''lagged up" (S'ig. 68, p. 61). The transverse 
blocks or bars upon which the lagging is to be laid may be 
about 12 inches or 15 inches apart, so that in a long pipe or 
column there may be as many as a dozen of transverse blocks, 
and each bar should have a dowel in the centre. The number 
of pieces of lagging which form the circle will vary with the 
diameter of the pipe or column. An 8-inch pipe may have 
eight strips to the circle, while a column of 16 inches or 18 
inches diameter may have a dozen. Fit the strips and glue 
successively in the manner described when treating of engine 
cylinders,* the only difference being that a long joint is not 
made to fit close so readily as a short one, and may require to 
be chalked and tried in place repeatedly before a fit is 
obtained. When built up, secure the two halves of the 
pattern with centre-plates (Fig. 212, p. 160), and put into 
the lathe. If the pipe be long, staple the joint at intervals 
before attempting to turn. Do not turn any one portion to 
finished sizes immediately, but rough the whole pipe down 
from end to end first. If other work can be prepared in the 

* Chapter IX., p. 60. 
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interval, it ia even better to let it remain thus Toughed down 
for a iew hours before finiahing than to finish at once. The 
reason is, that all timber, n'hether well Beasoned or not, has a 
tenden<^ to spring, and mil in most caeee buckle more or 
less out of its original shape when newly-cut grain is exposed 
to the air. For this reason a careful workman, when begin- 
ning a lengthy job, always "gets out" as much atufi as he can 
see his way clear to prepare, and "jacks" it all over before 
planing or turning any one portion to its finished dimensions. 
If the column or pipe be of small diameter relatively to 
its length, it will vibrate or " wobble," to use a workman's 
term, in the lathe, so that to turn it true wiU be impossible. 
Uake a steady, shaped roughly to fit the bed of the lathe 
and to take the diameter of the pipe. The sketch, Fig. 123, 
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shows the best way to make a steady. By means of the 
sliding blocks, a, a, replaceable at pleasure with blocks of any 
other dimensions within the limits of the Vee'd portion of 
the steady, we can make it a standard tool for pipes of 
various dimensions. "Wedge-shaped cottars, b, b, passing 
through the shank, will hold it finnly in position on the bed. 
A lubricant must be applied where the pipe runs in the 
steady, else much heat will be developed, and an excessive 
amount of friction be set up. Soft soap, or soft soap mixed 
with blacklead, are good lubricants. 
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It will facilitate the operation of turning if , in a long pipe, 
after having reduced the two ends to the required diameter^ 
we plane a straight flat along the pipe from one of the finished 
ends to the other. We can then see at a glance, when work- 
ing at any portion of the pipe, whether we are nearly or 
quite down to the size, without having recourse to calipers 
and straightedge continually. 

Flanges, round, square, or of other shapes, socketed or 
spigoted ends, belts, mouldings, &c., wiU be required for pipes 
and columns. If the pipe is to be flanged, the flanges will be 
made distinct from the body of the pattern. A flange will be 
made in halves, dowelled together ; and where it is put on at 
the end of a pipe, the hole must be made of such a size that it 
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shall drop into a groove somewhat smaller in diameter than 
the print, to keep it steady. If the print at the end of the 
pipe is, say, 4 inches, the groove may be 3i inches in dia- 
meter (Fig. 124). The stufi should be got out thicker than 
the actual thickness of the flange, to allow of a small radius 
or hollow being turned out at the back. If the casting is to 
be faced, \ inch must be added to the 
thickness on the front side of the flange 
on that account. If the flange is to go 
on some part of the pipe intermediate 
from the ends, it is usual to turn it as 
a ' * body flange " — ^viz. a flange having 
a hole of the same diameter as the outside of the pipe. Fig. 125. 
The flange can then be slid along and screwed to any desired 
position, and the casting can be ** stopped off "* to lie corre- 
sponding length. In body flanges the hollow on the back is 
usually omitted, being left for the moulder to rub in sand. 

* Chapter XXI., p. 160. 
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For socket and spigot pipes, or faucet and spigot, as they 
are also called, the pattern may have blocks glued upon it 
just where the socket is required, large enough to bring it up 
to the proper size, and long enough to include the socket 
print, which, of course, will be larger than the outside of the 
pipe by the necessary allowance for ** caulking." This 
method of blocking up the pattern with a permanent socket, 
though proper enough for standard work, would be absurd in 
a jobbing shop where pipes of all lengths and of both kinds — 

flange and socket — are made 
from a single 9-f eet length of 
pattern. We must have the 
socket, like the body flange, a 
thing quite distinct from the 
pattern, to be screwed on any- 
where or removed at pleasure. 
The most convenient form is an 
iron pattern socket in halves, 
fitting over the body of the 
pipe, and cast very thin to 
reduce its weight. A single 
screw run in from the top holds 
it in position (Fig. 126) ; dotted 
lines indicate how the socket is lightened out.* For the spigot 
a bead of lead may be cast, bent roimd, and tacked to the 
pattern, or, if for permanent use, it may be turned out of the 
solid. 

When round or square holes are cast in flanges, they should 
be put in by templet ; in this case a piece of thin wood cut to 
the shape of a h^ flange and having slot holes cut out, the 
termination of those holes giving size and position of cores. 
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Fig. 126. 





Fig. 127. 



Fig. 128 



The cores, rubbed to the thickness of flanges, are thrust into 
position by the templet, and the slight friction of their faces 
against the faces of the mould is sufficient to retain them in 
place during the inflow of the metal. Fig. 1 27 shows a templet 
flange for round. Fig. 128, one for square holes. 

* For proportions of sockets and flanges, see Appendix, p. 267. 
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Pipe patterns from wliicli a large mimber of castings are 
required are always made in wood or (where the quantity 
is very large) in iron. Yet we sometimes have pipes of a 
large size to make where the number of castings is not sujBGl- 
cient to pay for the cost of a pattern. In that case we make 
a loam pattern. That is a different thing from a loam mould 
In the latter case our boards are made to strike the actual 
mould (Chap. X.). In the former, the boards strike up the 
pattern from which the mould is to be made. The flanges 
will not be struck up, but made in wood, imless, indeed, 
they happen to project but a short distance from the pip© 
body. Mouldings and sockets, however, will be strucS as 
part of the loam pattern. The annexed figures (129) wiU 
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sufficiently illustrate the way. in which a loam pattern and its 
core are struck up, without verbal explanation. "We shall 
return to the subject of loam patterns again in connection 
with some more elaborate forms of work. See Chap. XXI., 
p. 145. 

Branch pipes, fitted to a main piece of pipe, might have 
their ends struck out geometrically ; but we can always, or 
almost always, chalk the main pipe and cut the branch to a fit 
in less time than would be occupied in striking the necessary 
lines. Where branch and pipe, however, are of the same 
diameter, there'is a ready and simple method of insuring a 
fit at once. Having marked in the joint of the branch the 
line where it is intended to abut the edge of the pipe (Fig. 
130), on this, as abase line, construct a tnangle, whose sides 
shall be inclined towards it at an angle of 45°, meeting con- 
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sequently and forming the apex at the centre line of the pipe. 

Cut to these lines at right angles with the joint (Fig. 131). 

Where the cut faces intersect the 
circumference of the branch, a curve 
will result, which, if worked to, 
will insure the required fit without 
further trouble (Fig. 132). 

Fig. 133 shows a tee pipe, or tee 
piece, made in the usual way, with 
a wide throat at the point of junc- 
tion, for the purpose of allowing 
freedom of water way, and diminish- 
1 inff friction. Here a special core-box 
-1 (Fig. 134) is advisable, to get the 
throat of the shape corresponding 
with the pipe. The core for the 

pipO) being plain and circular, can 
Figi.180,181.189. ^^ ^^^^^ ^p separately, and the 

branch core abutted against it in the mould. These throat 
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Fig. las. 
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core-boxes are made for various sized pipes, and kept in the 
pattern stores ready for use. 
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MISCELLANEOUS PIPE-WOKK. 

Turning Quick Bends in the Lathe. — ^Working Flat Bends. — ^Doyetailing 
Bends. — S'P^P^s. — Striking up in Loam. — Guide-line. — Guide-iron. 
— Strickles. — Sockets. — Pipes of Lregular Shape. 

Common pattern bends of uniform section can be very con- 
veniently turned in the lathe if we want two bends of the 
same size. Jointing four pieces together at angles of 90° and 
screwing them* on the faceplate, we can turn the semicircular 
section with a templet in far less time than would be occupied 
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Fig. 135. 



with gouge and chisel and spokeshave, and with more accu- 
rate results (Fig. 135). Eemoving the four half patterns 
from tiie faceplate, we dowel them two and two together, 
forming two bends. 

If the pattern is of a flat curve, as in the common " eighth " 
and " quarter " bends of the pipe-makers (Fig. 136), or if it 
is a *' reducing " bend, viz. a bend tapering from a larger to 
a smaller bore, the use of the lathe is out of the question. 
In these cases we joint truly together two pieces of wood large 
enough to take the outline of the bend, each piece being thick 
enough to take half the diameter of the bend. We dowel 
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them together, and on the joint face of one mark the outline 
we require. Cutting to these lines we obtain the longitudinal 
form, and working with gouge, chisel, and spokeshave, g^ded 
by a semicircular templet, we get the transverse section. We 
mark the outline of the second half from the one just worked, 




Fig. 136. 

and cut that in turn with the half templet. Socket, bead, 
and prints are put on' afterwards. 

Some workmen have a way of cutting a bend, which, 
though slow, is safe, because there is no risk of undercutting, 
as there is sometimes where the roughing down is done reck- 
lessly before a templet 'can be tried on. It is to work the 
stuff, first of all rectangular in section (Fig. 137), gradually 
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Fig. 188. 



Fig. 189. 



into a polygonal form until a nearly circular section is 
attained (Figs. 138, 139). The last remaining angularities 
being taken off with a spbkeshave, a practically true circle is 
the result, which will not show wavy lines in the longitudinal 
direction. This is certainly the better method to adopt with a 
reducing bend, in which the diameter is constantly varying. 

When the pattern is to form the elbow of a bend pipe 
(Fig. 140), it is necessary to attach the straight pieces of pipe 
each to their proper end of the curved portion. This we shall 
effect by means of a double dovetail, which is to be let into 
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each, of the portions of pipe which abut against one another 
(Fig. 141). 

Sometimes pipes are made of very awkward shapes, to 
curve round parts of machinery, buildings, other pipes, &c. 



e 



[ 



D:a 




Fig. 140. 



Kg. Ul. 



There may be two or three different bondings of the pipe not 
aU in the same plane, and the flanges may have their faces at 
angles other than right-angles relatively to the axes of the 
pipe. The pipe-makers supply bends and S-pipes of various 
shapes, by which the desired shape can often be pieced up ; 
but where space is limited, or where a graceful outline is 
wanted, we make a pattern ; and this opens up the question 
of loam work. In diese and many other cases we want but 
one casting, and if the pipe is of large or even of but mode- 
rate dimensions, the pattern would cost a great deal more 
than the casting itself. Then the question of wood versus 
loam becomes one for our consideration. In large castings 
the answer must be in favour 
of loam in ahnost every case, 
and in small castings also it 
will usually be cheaper to 
strike up the pattern in loam. 
But in those awkward-shaped 
pipes, such as Fig. 142, where 
the bends are not in the same 
plane, it costs less to knock 
out a rough un jointed pattern 
in wood than to strike it up 
in the foundry. Yet even in 
a case like this, if the casting were large, say over 6 inches 
in diameter, loam would be the cheaper. 

I 
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Fig. 142 
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TliBre areanumber of "wrinHB8"iii the Btriting up o) 
pipes in their various f onns, so that a lad who had served his 
apprenticeship in a shop where no pipe-work was done woult 
be " all at sea " on getting a start in a jobbing shop where 
pipes formed a part of the trade. So, taking the process up 
at the beginning, I will try to mate the matter so clear that a 
pattern-maker who had never seen a plain loam pipe made 
should be able to prepare his work correctly. In pattern 
making it frequently happens that, though the parts which 
tlie workman has to prepare for the moiider's use are few 
and simple in form, they involve more technical tnowlet^a 
than work of more pretentious appearance. This is especially 


1 




<?=^ 




k 


/ 

he case in loam work. The parts which the loum moulder 
requires are few and simple, and, like many other things, 
they are easily made— when one kaows the way. 

Let us commence upon the drawing. Fig. 143 represents 
he board, upon which we have drawn a 6-ineh S-pipe in 
ongitudinal section. Observe that there is a line i-awn 
samllel with one side oi the pipe, and at a distance of J inch 
iway from its edge. This is the ' ' guide-line." We mention 
J inch, not because that dimension is of any importance— it 
night just aa well have been J inch or H inch— but the 
3etter to illustrate our explanation. By this line the foundry- 
smith bends a piece of ^-inch or f-inch square rod, which 
becomes, as wa shall see immediately, the ' ' guide-iron " (Fig. 
144) for the "strickles." The strickles are the templets xiaed 
for striking the transverse eections of the pipe in loam, and 
they have their edges cut in such a way that each strickle is 
maintained at ita own proper distance from the guide-iron 
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during the process of striking. Thus, the guide-iron beine 
i inch away from the body, tiie body strickle (Fig. 145) wiU 
be notched up f -inch from one edge of its 7-inch semicircle. 



Fig. 144. 



But the metal in the pipe being ^ inch thick, the core strickle 
(Fig. 146) wiU be i inch + |- inch = 1 J inch wide at the 
shoulder. The edge of the strickle is chamfered like that of a 
loam board (Fig. 147). These strickles are used thus : — ^The 
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Fig. 146. 




Fig. 147. 



guide-iron is laid upon a plate on the foundry carriage, and 
kept in position by sundry weights resting against it. Then 
the ** check," as it is called, of the core strickle (Fig. 146) is 
set against the guide-iron, and a semicircular body of loam is 
struck up (Figs. 148), following, of course, the contour of 
the guide-iron. The iron is then turned over and fixed again 
in a new position, and a similar half -core struck up, but the 
reverse hand to the first. These are rim into the stove and 
dried. When dry, the pattern strickle is set against the guide- 
iron, and a thickness of loam struck over each half-core in 
turn. This also is dried ; then both halves are detached from 
the plate, turned over joint to joint, and the rough pattern is 
complete (Fig. 149). A little touching up of the joints and a 
coat of tar wSl make it fit for the mould. After having been 
moulded, the thickness of loam representing the J inch metal 
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will be stripped off, and the cote placed in the mould for 
casting. 

If a flange is reqnired for a loam-pipe, the hole in the 
flange will be of the same size as the core, and the body thick- 
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ness of loam will be shouldered back to afford steadiness to it. 

Obviously, a socket end would not be formed with strickles very 
readily, on account of the dress- 
ing off necessary where one 
diameter blends with another. 
Hence sockets are in most cases 
struck separately in the same 
''' way that a straight piece of pipe 
would be, but on a body of 
loom equal in diameter to that 
of the pipe for which they are 
intended, to be afterwards sawn 
longitudinally down the centre 
and slid or threaded OTer the 
pipe body. They are held : 







place during moulding with na^. The socket-core is either 
treated in me same manner or abutted against the body core. 
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If we require pipes or hollow castings whose shape is not 
symmetrical, and which cannot, therefore, be struck on a re- 
volving bar, or continuously by means of strickles, the diffi- 
culty is first how to get the core of the proper shape, and 
then how to insure an equal thickness of metal throughout. 
Take, for illustration, a reducing pipe connecting a rectangular 
valve-box or pipe with one circular in section (Fig. 150). 
Except at the ends the section is never uniform, so, except at 
the ends, a strickle or strickles cannot be used. In such cases 
the core body is first roughed up with a square strickle at one 
end and a round one at Qie other, and dried, then ruhhed to its 
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required shape with rasps and glasspaper. A number of 
strips are then prepared of the same thickness as the metal in 
the pipe. These are laid flat on the core in various positions, 
and their interstices are filled up with loam, which is strickled 
off level with their thicknesses. When the loam has set a little, 
but not baked, the strips are taken away, their vacant places 
filled up with more loam, and dried. When moulded, the 
thickness is stripped off as before, and the core placed in the 
mould. By this method castings of abnost any size and shape 
can be made with uniform thicknesses of metal, and with much 
less trouble to the pattern-maker than would be involved in 
making a core-box with templets. 
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Apparent Difficalty o£ Moulding-. — Number of Joints. — Central Fonndu- 
ticin or IJBse.— Mouldings.— Flanges, — Working the Flutaa.— Loam- 
boird. ^Square Core. — Bow attached. — Lines of Jointure. — Danger 
of Uodorcutting. 

These, at first eiglit, Tould appear to present inauperabli.' 
difficulties in the way of monlduig. Looting at an architect's 
drawing, which somehow always does look more elatorate and 
enigmatical than the actual thing it represents, we wonder 
how such a complicated maes of ornamental work ia to be got 
out of themould. The pattern can bomadelikethe drawing, 
but how to reproduce it in the easting is the difficulty. Tint 
use of drawbacks would perhaps appear feasible at first ; but a 
little conBideration usually reveals practical difficulties in the 
way of their adoption, and in most cases we are reduced to 
the method of loose pieces, as being, on the whole, the least 
troublesome. 

We take, then, a fluted column like that shown in Fig. 151. 
Here we have a squats base with moiddinga, above that n 
fluted portion, then moulding again ; after that a long fluted 
shaft, surmounted by an ornamental capital. It will be ob- 
serred that the column in this case varies very much in diameter, 
being nearly twice as large in the lower portion as in the 
upper. We must strike out the colimui to full size, first in 
longitudinal outline, indicating the thickness of metal lyy 
dotted lines, and then in cross sections, at a a, ii b, c o, to 
show the flutes. To make the pattern, we want a steady 
foundation — not the actual pattern, but that on ■which, the 
pattern is to be built. Upon this base the fluted portion 
will be laid in strips, which strips will be drawn in succession 
horn the sand, after the base ia lifted out. A glance at the 
section (Fig. 162], wiU make my meaning clear. Divide the 
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drcle into such a number of parts tliat the flutes vrW draw 
readily from the sand ; thus, a strip bo irido as that shown in 

Jbint irf' Fattfiru 





Fig. 153 could not possibly be drawn away without tearing 
down the sand ati, a. Let the edges, therefore, of the extreme 
flutings bo plenty free enough, and do not, for the sake of 
lessoning the number of joints, make the pieces so wide that 
opposite fluted edges will be undercut in relation to each other. 
There will not be less than sis in any circle : eight are better, 
and in some cases twelve are desirable. We -mU. have eight 
in this column. Divide the circle accordingly, and mark out 
an octagonal- shaped figure oa each section to indicate the flat 
backs of the loose fluted pieces, allowing sufficient stuff at the 
bottom of the flutes for strength — say | inch or i inch. The 
central portion — that included between these lines — will be the 
base or foundation of the pattern. This may be solid if the 
column is not large, and if thoroughly dry stuff is available. 
But it is not advisable, in the case of a large pattern, to run 
the risk of its warping for tho sake of saving the extra labour 
involved in jointing up ; so we lag our centr al part up, juat as 
in the case of a pipe pattern (Chapter XVI., p. 105). This 
will contain the same number of lagging pieces aa there are 
to be loose strips. At the lower portion of the long flutes 
(Fig. lol, n, n), the diameter is larger than at the top, ao that 
unless we taper the body to an equal amount, the fluting stuff 
will be thicker at the lower end ttian at the upper. It is of no 
consequence which course we adopt. The lower series of flutes, 
however, are twice as large in diameter as the uppermost ones, 
and the loose pieces would be inconveniently thiek and heavy 
to handle in the mould, if made of that extra thiokaesB. In- 
stead, therefore, of giving the extra thickness to these, prepare 
pieces of the same length, and of such a thickness as will re- 
duce these flutes to the same subHtance as the upper ones, and 
screw them on the main body (Fig- 154), 



FLUTED AND C 

This part, wliicli forma the foundation for the column proper, 
should have good close joints, to insure the requisite rigidity ; 
it should be as straight as possible, and each flat should be 
altogether free from winding or twist. Mark out lengths of 
flutes, positiona of mouldings, and faces of flangea in the joint, 
and begin to build up. 

Turn the mouldings first, jointing thorn, of course, ia halves, 
■with the grain running transversely to the axis of the colunm. 

Cut them out to fit over ^ 

the angular body, or else j \ M^^^i^ 

groove out the body in 
the lathe just where the 
mouldings fit, and boro 
out the latter to fit ia 
thesB grooves. Screw the 
mouldjjigs OD from the 
inside of the column, since 
it is desirable that they 
should bo left loosely at- 
tached to the body, to 
be withdrawn separately 
from the mould, Top 
will be prepared and fitted 
flanges are jointed diagonally, but in those 
of mrge size an inconveniently large 
moulding-boi ia rendered necessary; hence A 
it is desirable to joint these latter parallel 
with their edges, and to put a little taper 
in their sides. 

Then follow the flutea. As many flats 
as there aro in the foundation body, so 
many separate joints will there be in the 
fluted portion. Each end of each flute 
will tenninate in a hoUow (Fig. 155). In 
preparing the stuff, square the pieces ofl 
just to the commencement of the hollows 
(Fig. 155, A, a). Screw on each end the ^. 
narrow pieces, B, B, necessaiT to complete 
the length up to the mouldings. Then 
build up the strips in the usual way ; in- 
stead, however, of gluing, screw (like the moulding) froio] 
the inside of the pattern. Afterwards work to a circular 
shape either in the lathe or with planes if no lathe long 
enough to take the pattern is available. Then the flutea will 
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be divided round with compaeses, and lined out witli etraight- 
edge — the end make-up pieces, b, h, unscrewed, and the flutoa 
worked along with a round-plane, after which the end pieces 
will be replaced, and their hollowB worked with a firmer 
gouge and glasapapered. 

The end prints, a, a (Fig. 151), ore turned out of the stuff 
with which the coliinin is built up, or eke made separately and 
screwed on, dependent on circumstances. Sometimes, also, 
where columns are made in quantity, a certain portion of the 
length of the print, or an independent collar conceiitrio with 
the print, is made to fit into a bored hole in the end of the 
moulding-box while the pattern is being rammed up, and the 
core-bar has a collar also correspondiEg identically in size, by 
which a concentric position of the core relative to the mould ia 
guaranteed. This, of course, applies to each end. 

A round column with & square base such as ours ia haB a 
aquare core in that base, for wlich a special core-box ia made, 
the round c'ore being struct on a revolving bar. Fig. 166 
shows the loam board which is used for strildng the main core. 
A is tlie board, b represents 
the core, the dotted line, e, e, e, 
indicates the edge of the 
column, marked on the board 
to give the moulder his thiok- 
nessoa of metal for the pur- 
pose of checking their accuracy 
when in the mould. It is 
usual to stamp diamotera also 
at the ends as shown. Fig. ISJ" shows the box, in the centre of 




which 



passing through its entire thicknes8,,r 




forms the hole, into which the shouldered portion of the lot 
core (Fig. 156, A) is thruBt (Fig. 158). 



FLUTED AND ORNAMENTAL COLnMNS. 

The foregoing remarks will enable the reader to imderstatid 
the general process of column construction ; but there ' 
may be supposed, much variation 
of detail in columns of different 
designs. Still, the principle re- 
mains good in eveiy case, so far 
as I know, that colunms are not 
made by cores or drawbacks, but 
by loose pieces ; and the one essen- 
tial to be borne in mind by the 
pattern-maker ia, that all parta 
shall withdraw easily from the 

mould. In highly 

ornate colunma the 

pattem-makor ia not 

required to do the 

caryed work ; but ho ef, O/ 

has to joint the stuff pyif ■ g 

in reference to the 'j'' Vv 

design, so that there L— 1 

shall be no diffieulty section. 

in moulding after it 

leaves the carver's 

hands. 

But it does not fol- 
Fig. 159. low that a handsome 
column is difficult to make. A 
twisted design for a shaft (Pig. 
159) does not involve any jointiug 
at aJl, except the usual one iu 
halves. Neither would an octa- 
gonal column like Fig. 160, ex- 
cepting at a, a (section), where the 
undercut portion would be formed 
by two loose strips. Nor ia it 
always desirable to joint radially 
from the centre, as in Jig. 152. 
In that case, if the flutea had bee 
jointed like Fig. 1 



nd 1 



^ 



rig. n 



we should have 
, else the sides of the flutes would tear 
the sand away at a, a. When the central fixing reaching from 
i to i is lifted out, the side flutes, a, a, are drawn out parallel 
with the joints, c, c, after which the other two will follow 
easily enough. 
Another mode of jointing some kinds of ornamental work ia 
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comes, than it is at b. This is for freedom of withdrawal from 
the mould, that piece being taken out first, the side pieces 
being removed afterwards. This joint is in frequent use, is 
easy to make, and allows of the side pieces being drawn away 
at any angle, even parallel with the joint of the mould — an 
arrangement possessing great advantages over the former 
in columns highly ornamented, such as those of Corinthian 
type. 

In all columns and ornamental work generally this must be 
remembered, that no parts, however apparently insignificant, 
shall be undercut. It is more difficult to mend up work of 
this kind in the mould than any other ; therefore, every little 
recess, flute, boss, swell, leaf, scroll, and moulding must have 
its edge so cut relatively to the direction in which it is to quit 
the mould that it shall cease to drag against the sand imme- 
diately that it is started by rapping. In doing this, it is 
sometimes, though not often, necessary to sacrifice a little of 
elegant appearance to the inexorable conditions of necessity. 
The undercut edges of the carver's work have thus to be 
tapered towards the outside of the pattern. But a little of 
this fudging wiU often save extra jointing, and the fewer 
joints there are in patterns of this kind the better : an 
experienced eye can always detect them in the castings. 
Looking at the sweUs, «, «, «, in Fig. 162, and the diamonds 
a, a, a, in Fig. 1 63, it woidd appear that they ought to be loosely 
wired on, and drawn out one at a time. But this would 
entail too much work. By fudging the carver's work, and 
tapering the edges (Figs. 164, 165), the main pattern joints 
make sufficient provision for the delivery of these. Even in 
working plain mouldings there should be no absolutely Bquwre 
edges, but a slight amount of taper should be given to every 
part. 



CHAPTEE XIX. 



Bedacing to Feat and Inches.— Multipliers. — Sourees of Error. — Specific 
QraTitiei. — Practical EiHmplo in Calculation. — Approximita For- 
mula. — BeTel-wheela. — Morti as- wheels. — Pipes and Colnnma.— Deci- 
mals. — Useful Notes. 

The pattem-mftker is often required to estimate the weight of 
a caflting ■with more or lees ol apouracy, that accuracy being 
demanded either on account of the value of the metal, or by 
reason of the purpose for which the caating is intended. 
Accuracy within a hundredweight or two may be sufficient^in 
Bome large caatings, while in other cases, and in smaller 
oastings, wa may wish to bo correct within a pound or two. 
Let us go a little into detail in this matter. 

To calculate the weight of B. casting, it ia necessary to ascer- 
tain the number of cubic feet, or cubic inches, it contains, and 
to convert that number into weight by a multipher. These 
multipliers vary, of course, with the nature of the metal to be 
employed. Thus, we know that a cubic foot of cast iron 
weighs on an averse 450 lbs. , and a cubic inch -263 lb. These, 
thea, are the multipliers by which cubic feet and cubic inches 
respectively of that metal are converted into pounds. Another 
multiplier easily remembered and commonly used is the num- 
ber ol poimda contained in a square foot of iron 1 inch thick. 
Such a plate weighs 38 lbs. Gunmetal, again, would require 
another multiplier ; a cubic inch would weigh '3 lb. Xiead, 
steel, copper, and every other metal wotdd appropriate its own 
multiplier. Hence the general rule is: — Aaeertain first the 
number of cubic inches (or feet) contained in the pattern ; 
treat this total with its appropriate mixltiplier; the quotient ia 
the number of pounds which the casting may be expected ti 
contain. 
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I Tiae the word " expected " designedly, for it often happens 
that a most careful aileulfttion ia rendered very ■wide of the 
mark through contingencies lying heyond the control of tho 
pattern-maker. I have had a difficult gnmnetal casting, weigh- 
ing 284 Iha., vaiy only 8 lbs, from the estimated weight, and an 
iron casting of 5 tons within 3 cwt. ; and I have also, on tho 
other hand, been a couple of hundredweights wide of the 
mark in castings ranging between one and two tons. There 
are many causes at work to produce auch diserepaaciea. 
There is the custom of " rapping," which will make an appre- 
ciable difference in small work. There are different deneities 
of metal, which will cause variations in the weight of large 
caetingB. A mould rammed unequally — that is, harder and 
softer in different parts — will allow a casting to swell, and to 
come out larger in the imperfectly made parts than the pat- 
tern. A large plate will increase in thickness, and therefore 
in weight, A broken mould will not always be mended up just 
like the pattern. These and many other things go to destroy 
the accuracy of a calculation ; but we have to take things as 
they are, and frequently, judging by past experiences, we can 1 
make slight allowances for these and other contingencies, and I 
thus produce, on the whole, very rehable results. 1 

I spoke of the necessity for reducing to feet or inches, but 1 
there are other methods in favour with workmen. One o£ I 
these is the method of specifi.e gravities. The pattern is 1 
steadily immersed in water in a tank, the displaced water ia 
allowed to overflow into a second vessel, and is then weighed. 
This, the weight of water displaced by the pattern, is multi- 
phed by the ep. gr. of the metal in which it ia to be cast, and 
the quotient equSs the weight of the easting required. Thus, 
supposing a pattern displaced 4^ lbs. of water, and that the J 
sp. gr. of average cast iron be taken at 7'3, we shall get — fl 
4'25 X 7-3 = 31 Iba. = weight of casting. m 

This is a very accurate way, presuming that a proper vessel ia 
available by which no waste of overflow water occurs ; but as 
it needs some special apparatus, it is hardly suitable for large 
patterns, and is seldom resorted to except in those cases 
where aoouiate weight is of the utmost importance. _ 

Another and a most delusive method is to weigh the patten* I 
itself, and multiply that by 16, which is supposed to represent ' 
the relative weights of dry yellow pine and east iron. This 
leaves out of consideration the various densities of different 
qualities of pine, and the presence of screws, nails, or other 
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foreign substances in tlie pattern. We simply mention this 
by the way, and pass on to illustrate the method we alluded 
to in the &*st place. 

Let us take, as a practical example of the method of calcu- 
lating by cubic inches, the cog-wheel in Fig. 8, p. 16, partly 
reproduced here (Fig. 166), for convenience of reference. This 




Fig. 166. 



is a small casting, so we must reduce to inches, feet being too 
large a factor. 

First of all then, take the rim. Its outer diameter is 2 feet 
5 inches, its thickness i inch, the average or mean diameter, 
therefore, being 2 feet 4f inches. To save the labour of cal- 
culation, we turn to a table of circumferences, and find that 
the circumference of such a ring is 89 inches ; therefore, 
imagining the rim unrolled, it becomes — 

1 strip 89 in. X 3J in. x 2- in. = 180*6 cubic inches. 

Then the teeth. Imagine all the points of the teeth, a, 
broken off along the pitch-line and inserted between the 
roots, h. We see that a continuous ring is formed (neglecting 
the slight allowance for clearance). The mean diameter of 
this ring wiU then be taken, and its circumference deduced. 
At 2 feet 5i inches average diameter, it is — 
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1 strip 92 in. x 3 J X iV = 130 cubic inches. 

The boss in like manner may be imagined to be a simple ring 
piercing the arms, and can be reckoned thus : 

One solid cylinder 5 inches diameter x 41 long — one cylin- 
der (the hole) 2^ inches diameter x 41 long. A disc of 5 inches 
diameter by 1 inch thick wiU be found, on referring to a table 
of areas, to contain 19*6 cubic inches ; one 2^ inches diameter 
by 1 inch thick wiU contain 4*9 cubic inches. Subtract the 
one from the other, and multiply by 41 ; the quotient is the 
number of cubic inches in the boss. 

19-6 — 4-9 X 4J = 60-2 cubic inches. 

The rib or flange within the rim wiU, at i wide, average 
2 feet 31 inches in diameter. Then it will contain — 

85-2 X 1 X f = 33-3 cubic inches. 

There wiU be six arms extending from boss to rim, averaging 
2iV in width. Therefore we have — 

Six pieces lOf x 2iV X i in. = 97*2 cubic inches. 

Feathers or cross-ribs likewise — 

Six pieces 11| X 21 X i = 109*8 cubic inches. 

Hollows add so little to the weight of a casting that they 
are generally taken no account of, or something else is set off 
against them. If the weight is desired so very precisely, they 
can be reduced to triangles, and the triangles in turn to 
rectangles. 

These totals of cubic inches should now be added together, 
and multiplied by '263, which wiU give the weight of the 
wheel in lbs. 

Eeckoning out, we find that there will be 161 lbs. weight of 
cast iron in this wheel. 

There are rules given in various books for calculating the 
weights of wheel castings by their diameter and pitch. They 
are principally useful where approximate weights are desired, 
or where wheels are made by the same rules from which these 
formulae are deduced. Three such rules given by three dif- 
ferent authorities yield the following results in the wheel we 
have been considering. It contains — 
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75 teeth of 1^-inch pitch, and is 3^ inches wide, and 2 feet 
6 inches diameter. 

Fonnnla from D. K. Clark, 170 lbs. 

XJnwin, 171 lbs. 

Box, 158-4 lbs * 

In a wheel weighing several cwts. the difference would be 
more marked. The ring of a bevel-wheel might appear at 
first sight to offer a difficuliy in the way of calculation, its 
diameter varying at every point. But if we take average 
diameter and average thickness, it will be just the same as 
though we divided it into an infinite number of sections, 
and reckoning each separately added their totals together 
afterwards. 

The recesses in a mortise-wheel will not complicate the 
matter in the least, for after finding the nimiber of cubic 
inches in the ring, on the assumption that it is solid through- 
out, we need then only find the number of cubic inches in 
each mortise, multiply that by the number of mortises, and 
subtract the sum total from the nimiber of inches in the 
solid ring. 

A more intricate piece of work, such as a steam cylinder, 
with passage and perhaps jacket cores, with webs of metal of 
odd shapes, curved brackets and feet, and such like, should 
be divided out piecemeal on the drawing itself in order to get 

* They are the following : — 

W = r-05 4- -OSp) d{l + 0-10 d). 
d = aiameter in feet. 
p = pitch in inches. 
•06 = constant. 

W = weight per inch of hreadth. 
Bevel wheels to he taken at | to f the weight of spur ones. 

— (D. K. Clark, ** RiUes, Tahles, and Data," p. 741, edit. 1878.) 

W=:KNAjt?2. 
p •=. pitch. 
b = breadth of face. 
N = number of teeth. 
K =: 0-38 for spur wheels, 0*325 for bevels. 

— (Unwin, " Machine Design," p. 302, sixth edition.) 

W= (D X P X W) 4- (VD X P X W) X M. 

D = ^ diameter in feet. 

P = pitch in inches. 
W = width on face in inches. 

M = 12 for spur wheels, 10 for bevels. 
W = weight in lbs. 

—(Box, " MiU Gearing," p. 24.) 
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exact dimeiisioiis. Without this precautioii we are likely 
to reckon some portions twice over, or to omit some parts 
altogether. In reckoning, it should be our aim to simpHfy 
matters as far as possible by reducing everything to cireulmr 
or rectangular form. 

The weight of parallel pipes and columns may be obtained 
from tables, either by tables of weights for pipes of various 
thicknesses, or by a table of solid cylinders. Thus — ^tables 
are given in all engineers' books of reference of the weight of 
solid cylinders a foot long.* All we have to do, then, is to take 
the weight of a cylinder equivalent to the outer diameter of 
our pipe, and subtract from that the weight of one equal in 
diameter to the hore of the pipe. Or if such tables are not at 
hand we can get the average diameter, thence obtain the cir- 
CTimf erence, and multiply that by the length of the pipe and 
its thickness. In a taper colimm we must take the average 
diameter, and reckon then as though it were paralleLf 

If we have a column with a quantity of mouldings and 
ornamental work, where it would be impossible to stnke an 
average, we must divide into sectional lengths, calculate each 
separately, and adding their totals together, thence deduce 
the weight. 

If a casting weighs several cwts., it is inconvenient to have a 
sum total in lbs. The multiplier -009 will convert lbs. into cwts. 

In the calculation of weights I find decimals more conve- 
nient than vulgar fractions, and inches more convenient than 
feet. Thus it is easier to multiply — 

11*87 inches X 6*75 inches X 4*62 inches 

than to multiply 

11^ inches X 6 J inches X 4f inches, 

and to multiply 

69-75 inches X 14*37 inches 
than 

5 feet 9J inches X 1 foot 2f inches. 

* See Table in Appendix, p. 255. 

t A correct rule lor finding the weight of a lineal foot of pipe in Ihs. 
is this : 

W = K (D« — d^y 
W = weight of a lineal foot in lbs. 
D = outside diameter of pipe in inches. 
e^=: inside „ „ ,, 

K = a multiplier 2*45 for cast iron. 

2*82 for brass. 
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We have asBuxned fhat tables of areas and circumf erences 
are always ready to hand — as they are in the workshop. But 
when a man is sent out to take dimensions for a casting, it some- 
times happens that an approximate weight is required at the 
same time. It is well, therefore, to bear in mind that — 

Diameter* X '7854 = area 
Diameter x 3*14159 = circamference, 
Or, 

7 : 22 : : diameter : orcumference, 

and that cubic inches divided by 4 = pounds, nearly. 

MULTIFLIEBS FOB THE CoMlfON MeTALS. 

Cubic inches X *263 = lb. cast iron 



•288 = 

•3 = 

•41 = 

•32 = 

•266 = 



steel 
„ brass 



>> 



79 
11 



lead 

copper 

tin. 



See also Appendix for useful and more extended tables. 




CHAPTER XX. 

ON THE USE OF COHES AlID DHAWBACKS. 

Difibrent Methoda of Moulding. — Value of Experience, — Qasholiler 
Bracket. — Drawbacks. — Gnd. — TraveUing Girders.— Cylinder. — 
Drawbacka,— Joints . — Lathe-lied. 

The pattem-makGr is often in doubt aa to tlie best mefhod of 
taking out the recessed portions of a casting. Cores, draw- 
bttcie, dowelled and wired pieces, are the usual means resorted 
to for the purpoae. Sometimes all three methods are prac- 
ticable, fiometimos only two ; rare are the circumstances in 
Tirhich the workman is reduce d to one plan without haying the 
option of another. Broadly it may be said that castings can 
be made from patterns which are exactly like themselves. 
But in very many instances it would be very unpractical, 
unwise, aud expensive to make them thus. Because a moulder 
can make drawbacks ad infinitum, and form joint over joint, 
as many as it is possible to put in the pattern, that la no 
reason why a vast amount of unuecessary labour should be 
undertaken which could have been avoided by alittle judidoua 
coring out. 

Yet we need not fall, on the other hand, into tio error of 
taking out everything with cores in order to lessen lie diiE- 
culty of moulding. For cores are expensive, reijuiring making 
and drying, and the core-boxes for n piece of work will very 
often entail more labour in the pattern-shop thnn the pattern 
itself. Looking at the drawing of an intricate piece of work 
for the first time, it is not easy to arrange everything in 
detail, and to foresee every contingency that may arise, before 
deciding how beat to make tke pattern. Yet there is a rough- 
and-ready kind of intuition acquired by experience, and it ia 
marvellous how readily a skilled hand will unravel the difii- 
cuitiea of a fresb job, and decide in his mind bow he will set 
aboat it. Taking the vaiions methods in 



134 



FATTEBN-MAKINO. 



pieces, cores, drawbacks — ^he soon perceives wliich is feasible 
and wbich is impracticable; then what is easy and what 
is not so easy ; then, lastly, which is good and which is best 
of all. So that before the man wiuL less experience has 
grasped the leading features of the drawing, the other has 
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Tig. 167. 

already settled in his own mind the lines upon which he 
intends to work. 

But this almost imerring kind of intuition only comes after 
many years' habitual observation ; and also, let us add, after 
many dearly purchased errors, for here, as elsewhere, failure 
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ia the stepping-stone to success. To apprsnticea and young 
hands there is nothing which presents such difficulty as this 
of the best method of moulding ; and, in point of fact, it is 
seldom left to their choice, when the foreman g:ive8 out a 
job he will almost inTariatly, except in very simple work, 
give directions as to the way in which it is to mould, and even 
then a watchful superviBion is neceasary with the less expe- 
rienced hands. It is to help such as these in tho matter of 
moulding that this chapter is written. The simplest way, 
perhaps, will be to illustrate our meaning as we go along by 
examples taken from actual castings. 

Take, for instance, a double bracket (Fig. 1G7), such as ia 
used for carrying the guide-wlieela of a gasholder. Here is a 
casting whose pattern might be made to mould with the edge 




A in the bottom and the edge b in the top. Certainly i 
fillets or flanges round the edges would not allow of the pattern * 
being drawn, but the sand forming the entire sides, including 
their bounding edges, could bo drawn away on plates or 
"drawbacks." 

In case some of my readers should marvel respecting the 
meaning of this curiously applied term, 1 will explain. i"ig. 
168 represents two drawback plates laid against a pattern. 
On one side of the pattern is a long boss with ribs, oa the 
other a thick bearing with its bracket. We sujipose, as often 
happens, that there is not sufficient central space to draw 
these projecting pieces into — that cores would moan more 
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work than tho job is wortii, and that the sides are too deep to 
allow of jointing down from the top. Then we ram the eand 
around theae particuhir sections of the pattern upon these 
plates, dividing the sand on each plate from that on the othei 




Fig. les. 

and from the outer sand by ioints of brown paper or of part- 
ing sand, and afterwards " (taw back " the plates, with their 
complement of sand, from the pattern. The pattern is then 
lifted out and the face ot the mould cleaned and blacked, 




after which the plates are brought info position again by the 
paper or sand joints. 

Well, we could make the pattern of the guide-roller bracket 
to mould thus, but we should not care to adopt this method 
in this case. For the drawbacks would be large and heavy, 
and the flanges and inner edges of the pattern being sijuare 
would tear away the mould, there being a vast difference be- 
tween lifting a pattern out of the mould by gently tapping, 
and tearing the sand forcibly from the pattern. We should 
find drawbacks expenslTe in this case. 
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W But it might be made to mould flat aide down, just as ropro- 
1 eented in Fig. 167, plan, in whioh case the middle apace (Fig. 


1 167), back elevation, would have to be taken away on a " grid," 


1 of which Fig. 169 gives 
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1 a sketch. One side of " 
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In this case no two cast- 
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alike, but the sides would 










be winding and not pa- 
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taking these things into 
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consideration, unhesitat- 
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ingly vote for a central 










core (the outline of which 
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is indicated by the dotted 
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line). Then our double 










bracket would mould on 
its side, OB in Fie:. 167, 
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plan i the core-box being "" 
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plain (Fig. 170), would r 
involve little labour, and S 
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the distance between the 






frames (maintained pa- ^ 






raUel by the core-print) z 
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would be perfectly uni- "" 
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form. The facing bosses, 


a, a, will either be put, one on a bottom board, the otber on a 


crossbar dowelled on the top edge, or be measured into place 


while the core is being made. Of course the top pattern frame 


TTOuld be dowelled upon the print. | 



Take nest a type of cast-iron prder used at the ends of the 
gantries in orerhead travellLng cranes (Fig. 171), and which 
earries the flanged running wheels. Should we take out the 
centre in this case with a core ? The frame in this instance 
hIbo is double, wiUi a centrad space, and here analogy would 
lead one at first sight to think it advisable to mould it upon its 
side, making a the bottom 
and B the top, and to take 
out the central space with a, 
'<"*'' core. Butno;hereweshould 
w neither cores nor draw- 
JCinT t^tts, for although w9 can- 
not leave tiie bottom flanges 
loose round the edges, for 
the Bimple reason that owing 
to their width, they could not 
Fig. 17a. he drawn inwards, we can 

leave the entire flange, made 
as a frame, loosely dowelled to the bottom edges, to be parted 
from the rest of tiie pattern by a sand joint. So our pattern 
will be exactly like the casting in this case, and the trouble of 
making ajplain sand joint will be far less than that of making 
prints and a core-box, and preparing the cores besides. Fig. 
172 shows the pattern in sand completely rammed up. 
Take another form of tra.ve]ling girder (Fig. 173), where. 
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instead of broad flanges, we have thin fillets, e 

whose faces stand out beyond the fillets. Here ^ 

leave bottom fillets and bearings loosely wired on, both inside 
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ON THE PSE OF 

and ontflide. Our aides are, saj, 1^ inoli thick, and our filletB-B 

1 inch. These latter would draw into the epace left by tha J 

pattern after its withdrawal ; but if, as we will auppose, ihoM 

bearing-blocks stand out an ineli beyond these, they cleBrlyl 

will not come up through 1 J inch space. But we can get over J 

the difficulty of increased thickaess in one of two ways here. T 

We could put the blocks on, 

1 inch thick, outside the fillets, 

not screwed, but wired, and 

draw them «/?«• the fillets ; or 

we can take away the middle 

sand on plates, after the sides 

of the pattern are withdrawn. 

la a shallow pattern the 

former entails least trouble ; 



but i 



the . 



I of £ 




girder the latter it 
be chosen, since it has this great advantage — that both th*: 
outer and inner mould ifl more readily accessible for mending ■ 
up, blacking, and so forth, when the middle sand is removed ■ 
thaa when it remains ih situ. Fig. 174 shows the pattern f 
rammed up. " 

The cyhnder (Fig. 175) as used in vertical steam cranes 
affords aa illuatratioa of drawbacks, loose pieces, and cores 
in one pattern. Observe the shape of the feet, a, a ; clearly it 
will not mould on either side, because the cranking of the feet 
will not allow them to be drawn into the pattera apace, and J 
the sand overlying them wUl prevent their coming up with J 
the pattern, no matter whether we jolat it through the plane ^ 
of the passages, b, e, or parallel with the steam- chest face, o, o. 
An accurate core, moreover, would be a troublesome thing to 
make, for it would have to include the entire foot with its 
bracketinga, its bottom face of course excepted. But there ia 
no diffieulty if we use drawbacks, and they are very readily 
manipulated here, n, d. Fig. 175 shows the pattera completely J 
rammed up in a three-parted box, with joints and drawback I 
plates shown. The section ia supposed to be on the face of 1 
the cylinder flaage. Fig. 176 shows the middle aad bottom 
parts of the mould whea the cylinder body has been removed 
and the drawbacks are lifted out, hut before the feet are drawn 
or the middle box parted from the bottom. The section is 
taken through the middle of the exhaust, the feet, aad the J 
8t«am-cheBt flaage. The lexhaust flaago and that portion of I 
the body above ttie foot are in the drawback (not shown), saJ 
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that that portion of the mould shows a clear space right down 
to the flange. Fig. 177 shows the right-hand drawback lifted 
out. The left-hand one, of course, will be sinular, excOTit 
that it will contain also the exhaust portions just mentioned. 




Then, further, we must either core out underneath the 
flteam-chest flange or leave it loose. A core would be far too 
troublesome, so by leaving that flange looae we can joint 
underneath it, and draw the half-pattern from one box and 
the flange from tlie other. And the steam paBeages must be 
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taken out by cores, the prints for whicli ■mil be placed on the 

!me more completely to illustrate th'> chapter on the diver- 
sified methods of moulding patterns, let ua disease the dif- 
ferent methods in which a lathe-bed mig;ht be made. Eyery one 
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knows the familiar form of 
a lathe-bed, with V-shaped 
..... edges for the saddle of a 
■,'■•,'■.':■-'■ slide-rest. The V-strips are 
■■'" "-"' planed all over, and that 
settles at once their posi- 
the bottom, to-secure the 



tion in the mould. They will be 

advantage of the soundest and cleanest metal. 

But we require to settle something beside the fact that the 
strips are to be cast downwards before we commence the pat- 
tern, and that is, how to taper the sides. Looking at the 
imaginary mould in section, Fig. 178, we see cleariy that, 
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thou^li tlie sides of tho bed can be made to withdraw readily 
from tho sand, it is impossible to lift out the inner and outer 
bottom strips through the spaces left by the Bides. Hence 
our idea would be to remove some portion of this overlying 
sand, and bo render the strips accessible. From this point of 
view the pattern could be constructed in three diiYerent ways, 
in order to provide for three methods of moulding and the 
ready removal of the strips in each case. 

The three diagrammatic views, much exaggerated, will 
clearly illustrate these three methods. In the first instance 
(Fig. 179) we plane no taper in the stuff which forma the 
sides, but give, instead, J inch to ^ inch of taper (according to 
the depth of bed) to the ends of the bridges or crossbars, so 
that the bed shall spread bodily in section. Here the sand 
forming the inside of the bed will be lifted away oa platea, 




after the removal of the top box, and the pattern itself will 
be drawn immediately afterwards. The Mets, a, a, would 
have to be wired on to Uft with the inner sand, and the outer 
Vee's, b, h, would also be left loose to be drawa into the 
middle space left by the lifting out of tliat sand. 

The process adopted in method two (Fig. 180) would be the 
same in principle as the first, but the modus operandi would be 
exactly the reverse. Here the outer sand would be lifted 
away, either on drawbacks or on an outer encircling plate ; 
then the pattern would be drawn, leaving the middle sand 
remaining. In this case the inner strips, c, c, and the outer 
fillets, a rt, would be left loose. In the third method (Fig. 181) 
the medial lines of tho sides are parallel, and taper is given to 
their inner and outer faces. The bottom strips, both inside 
and outside, are wired on, and the screws which unite the 
sides to the crossbars are withdrawn one by one as the ram- 
ming goes on, and when iJl ia rammed up and the top lifted 
away the pattern is drawn piece by piece, leaving the sand 
behind. Then either middle or outside is taken away on plates, 
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and tlie loose strips drawn in. Fi^' 182 shows an encircli] 
plate as used for lifting the outside of a mould away li 
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The last method Is to taie out the inside with cores (Fig. 
183). It mates a cleaner and truer casting, and aa tho cores 
are very plain the expense is not great. Only the outer 
pieces, a, a, are wired on. The core-box may be made of the i 
miire length of the pattern, and the bridges put in, as into -J 
the pattern, or short core-boxes may be made to reach from J 
bridge to bridge. ' 

Some of my readers may be disposed to put the question, 
Why lay so much stress on matters of moulding, instead of 
describing simply how such and such pat- 
terns are made ? I reply, that in any save 
the simplest jobs, scarcely any two men 
would go to work in precisely the same 
way. A pattern-maker must understand 
moulding well, and even here the usages 
of shops differ. The bare description of ^ 
one pattern would be of little assistance 
in the construction of another, having 
perhaps a general resomblanee to that, yet differing from it I 
(from the moulder's point of view) in some very important 
particular. I know of no trade where the methods of work- 
ing differ so widely as in pattern-making. Many patterns 
can bo made to mould in three or four different ways, 
and the workmen, therefore, instead of proceeding in certain 
set grooves, like those of many handicrafts which will occur 
to the mind, must devote to each new job some amount of 
originality of thought and modification of construction. It la , 
for this ruason that piecework is so difficult of adoption in thej 
pattern shop. 




CHAPTER XXL 

LOAM PATTEENS, &c. 

Why used. — ^Methods of making. — Capstan. — Bar Cores. — Boards. — Core- 
box. — Eemarks on Wooden Patterns. — ^Loose Heces.— Stopping-oflF. 
— Pipes. — ^Wheels. — ^Brackets. — Skeleton Patterns. — EiDgs. — Level- 
ling-block. — Crane-centre. — Tank-plate. 

A LOAM pattern is quite a different thing from a loam mould. 
We made the boards for a loam mould in the case of the 
large cylinder (Chap. X., pp. 69, 70). We will now make the 
boards for a loam pattern, and iiiat pattern shall be a common 
capstan. In cylindrical work a loam pattern is advisable 
when the mould is so small that a man could not conveniently 
work within it to strike the board round, and yet so large 
that a wood pattern becomes too expensive. This is usually, 
in fact, the ultimate consideration : me relative proportion the 
cost of the pattern bears to the value of the casting or castings. 
Thus, in the case of a capstan, if we had one or two castings 
only to make, we should use a loam pattern, but if we required 
a dozen or twenty castings aU alike, we should consider a wood 
pattern the cheaper. Though its first cost would be con- 
siderable, the subsequent expense of the moulding would be 
diminished in a greater degree. 

A loam pattern, then, is a pattern made in loam instead of 
in wood. Both are exactly alike in outline, the materials only 
of which they are constructed being different. A loam pattern, 
like a loam mould, is struck up, but the boards are cut the 
reverse to those intended for a loam mould. Brackets, how- 
ever, facings, flanges, &c., not circular, are made as separate 
pieces, and attached to the loam body by means of nails. 
Where there is a longitudinal centre core, as in a pipe, a 
cylinder, or, say, in our capstan, it is customary to str&e the 
core up first on the bar, to dry it, and give it a coat of black- 
ing, and then to strike the body of the pattern over that (see 
Chap. XVn.). After the pattern is moulded the body thick- 
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ness is stripped o£P, and the core is placed in the mould for 
casting. Evidently this can be adopted only where one casting 
is required, and if this happens to turn out a " waster," the 
labour of striking up a pattern has to be gone through again. 
Therefore the question of striking up a pattern on another 
bar distinct from the core is an economical matter to be decided 
by the character and circumstances of each individual job. 

Reverting to our capstan body, then (Fig. 184). We take 
the body, because that alone is made from a loam pattern, 
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Half SectuJwA.B. 
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Figs. 184. 



omitting the base and cap (not shown) as being wood patterns 
of so simple a character as to call for no conmient. Observe 
that there are six cores, a, a, required at the upper part of the 
capstan for the insertion of the lever bars. There are also 
lightening spaces, h, h, between these recesses (Section a, b). 
We can put in these cores in one of two ways. We might 
have six prints arranged equidistantly round the pattern, and 
left loosely set, so i^at they might be drawn singly into the 



146 rATTERX-MAKIXG. 

mould. But as it would be difficult to set them properlyin 
loam, we consider it better to make a print continuoua round 
the circumference, c, c, and to shape the cores in such a way that 
they will fill the print ring quite up, or " stop themselves off." 
Having thus decided, we simply make our boards as indicated 
in the sketches, Fig. 185 representing the board which strikes 
the core. Fig. 186 that which strikes the pattern. Stamp the 




diameters as shown, and mark ends of prints. The dotted 
lino in Fig. 185 shows thickness of metal. Two little battens 
on the same figures, a, a, hold the bosses which carry the cen- 
tral spindle. When the core is struck up, of course these pro- 
jecting bosses form recessed grooves or rings, and if 
j the board wero drawn back with these firmly 

/ attached to it a portion of the loam would be torn 

ZI^ away also. But these are unscrewed after the core 

Jj is made, the main l)oard is drawn back, and then 

' they are taken away parallel with the axial line. 

Fig. 187 shows the same enlarged. When the 

Eig- 18T. igijjji pattern is struck and finished, supposing the 

thickness of metal is struck on the core, it wiU in section 

have the appearance shown in Fig. 188. 

Then we take the core-box, and here we observe that a 
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plain tapered bos, similar in sLape to the holea required for 
the capstan bars, would be of no use. The eides of the circular 
print (tapered) and the sides of the holes are not in one plane, 
but inclined towards one another, and we ought to put this 
double taper in the core. 

It sometimes happeus that in a tapered core we can give 
the same taper to a print which we give to the core, and Sien 
the sides of the box ate straight bevelled ; but in this case 
such a method would prevent the pattern from moulding. 
Hence we shall cut the top and bottom edges of the box to 
the saiae angle as that to which, the sides of the print and tl 
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ideiB of the bar recesses are inclined towards one another 
(Fig. 189, eleTation). This will, of course, necessitate the 
addition of a bottom board to the core-box, of the same shape 
as its edge. Further, the cores are intended to stop them- 
selves off; therefore ihey must he so made that when all are 
put in place the ring print shall be completely filled up, This J 
we shall accomplish by mating the print portion of the core- f 
box to fill up exactly a aisih of the ring print. Then, again, 
we have cores between the bar eoekete, to lighten the casting 
and to insure regular contraction. The gaa must be brought 
away from these cores ; so to insure a communication with 
the outer air we will make the lightening cores unite with the^ 
bur cores by the round holes indicated in section, Fig, 
Therefore one core-hox will fill up print, take out bar » 
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lightening cores in one, and all the air will be drawn away 
at once into the print. 

We may note by tlie way tliat although we have selected 
this capstan as an illustration of aloom pattern, it is, where the 
quantity is sufficient to pay for it, made in wood — moulding in 
tt>e same fashion, with prints at each end, and a central core 
struck up on a revolving bar against a board. When, how- 
erer, capstans are made in large numbers, it is better to have 
the patterns to leave their own cores. The capstan then 
would mould upright exactly as it stands when in position, and 
its pattern would have two or more horizontal joints, depending 
on ciroumstancos ; one at the centre, where the diameter is 
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smallest — just where the line o d cute in Pig. 184 — and one 
at the top of the bar cores. The bar cores may be set in prints, 
or be made to rest upon srcall oval cores lying upon the 
central core. The various portions of the pattern will ba 
built up in segments and turned to templet, good glued joints 
and pegging being essential. The loose joints, where the pat- 
tern parts, are either dowelled or turned with shoulders, to 
drop into one another. The tapering shape of the capataji 
affords every facility for this way of moulding. 
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While the subject of the various methods of moulding 
patterns is under discussion, a fe'w remarks on looae pieces, 
stopping off, and siceleton pattema will also he in place. 

Loose Pieces. — Take the annexed plate (Fig, 190). For 
some reason or another, generally for the purpoae of securing a 
sound face, as in a surface plate, this must he cast face dcwu- 
wards. Then the proper way is to leave the deep rihs loosely 
dowelled on. We do so in order that they may be lifted V 



■with the top sand, to be properly rapped and drawn out after- 
wards, rather than that the sand should he torn away from 
the ribs and entail a deal of mending up. If these ribs were 
shallow, the necesBity for leaving them loose woidd not exist ; 
but, in the case of deep top lifts, there should be no exception 
to this rule. 

Somewhat akin to this is the case of a pipe or cylinder. We 
know the rule is almost invariably to make the pattema of 
these in halves, jointed longitudinally. The top half of the 
pattern is then lifted in the tojj box and rapped and drawn 
away from the sand. Oecasionally, however, we see a pattern 
made solid, either through iga.orBnce, or from a false idea of 
economy, and then the evil results of such a method are appa- 
rent in broken edges in the sand, and lapping jointa in the 
costing, the result of imperfect mending up. The evil is seen 
at its maximum where a loam pattern is used. Here a joint is 
not practicable, and the rough loam tears, the top mould so 
much that mendiag-up pieces are always nocGBsary. 

Further, if we take a common trolly-wheel, though the back 
boss is almost as often fastened on as left loose, it is better 
to leave it loose, with a stud in the centre. For, although, 
owing to the abundant taper given to such bosses, the top 
box will often be lifted away without causing fracture of the 
Band, yet a little unsteadiness in lifting will certainly break 
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the mould, and then tlie boss maet be unscTewed from the pat- 
tern and embedded in (lie broken mould for the purpose of 
mending it «p. The advantage becomes still more obvioua if 
tiieto are deep anna (Fig. 19 1) in addition to the boss ia the 
top, so that m beTel-wheels, deep spur-irheels with double- 
riobed flat anna in the centre of the rim, and similar instancea, 




tJie portion in the top should be dowelled o _. 

UBUEuly being fastened together and lifted out as one (Fig. 192). 
There are few patterns, indeed, in which some parts have not 
to be left loose, either for convenience of being lifted with the 
top part, or of being drawn in at the sides, as mentioned in 
the last chapter. 

Stopping Off. — We have uaod this term several times in 
the couree of those chapters. It is one in common use in the 
workshop, and means broadly the modification of the shape 
of a mould, so that the casting shall be, to the extent of such 
modification, unlilce the pattern from which it is made. 

Much can be done in ^h way by the moulder, and consider- 
able expense saved thereby. A comparatively small amount 
of labour will often save the cost of a new pattern, or that 




of extensive alterations to one already in stock. Take, i__ 
example, the simplest case ire con instance. 8ay we have a 
solid plunger pattern, 12 feet long, 6 inches diameter, and 
ws want a castmg of the same diameter, but only 10 feet long. 
If we cut the pattern off, we spoil it for the greater length if 
required at any future time ; but neither should we make a 
new 10-feet length. So we simply mark a length of 10 feet 
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in the joint of the pattern at the solid end, and provide the 
moulder with a semicircular piece of the same diameter as the 
plimger, aud two or three inches long. Before the pattern is 
drawn out from the sand, he carries the 10-foet mark acrosp 
the sand Joint both in top and bottom, then withdrawing the 
pattern, he lays the face of the stopping-ofE piece level with 
Uie mark, and fills up the m&uld beyond that face with aand 
(Fig. 193). 

Instead of a solid cylinder, let it be one hollow in section. 
Bay a pipe 5 inches in hore by 6 inches outside diameter. The 
stopping-ofl[ piece will then take the form of Fig. 19'1, The 
hiJf-ciide, 6 inches diameter, will, as in the last illuatratif 
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fit the mould of the pipe body, but it will have a 5-inch half 
print screwed upon it. This, when laid in the mould and 
rammed round with sand, will give both the length of the pipe 
and the shape and eize oif iia print as well. 

If, instead of a plain pipe, we have one double flanged, we 
should proceed in this way. A pipe, say as before, 6 inches 
diameter by 12 feet long, has to Be made 8 feet long, and at 
each end of the 8-feet length a flange is wanted. On the pipe 
body, 8 feet away from one flanged end, we screw a body 
flange {^Bee p. 107) of the size-wewant caston. Tbenwemate 
a stopping-off half flange and half print thut will be dropped 
into the impression made by that on the body, aud there 
rammed round. Or we may take one-half the flange from 
the pipe, and, filling up the hole which fitted round the body, 
screw a print against that, and use it in the same fashion 
(Fig. 195). 

From these illustrations it is apparent that the principle is 
capable of almost indefinite application. There is, in fact, 
Bcarcely a limit to its adaptabihty. Pattern wheels may have 
castings made from them either deeper or shallower, without 
altering the depth of the pattern itself. In the first instance 
the wheel is drawn, in the second stricUed. That is, 
supposing the pattern were 3 inches deep, and the castings 
were wanted 4 inches, the saitd would be rammed level with 
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the top f aoGS of the teeth, then the pattern would he drawn up 
as in delivery, hut just to the extent of 1 inch, and the eand 
rammed level again. The pattern then finally drawn would 
leave the mould 3 iitcheB +■ 1 inch = 4 inches deep. Or, in 
the second case, the pattera being 3 inches, we want the 
casting 2 inches deep. Then the sand, as before, being 
rammed level with the top f ac ea, a strickle shouldered to 1 inch 
in depth is worked around and between the teeth, making a 
new joint 2 inches from the bottom of the pattern (Fig. 196). 
Even the outlines of side frames, cheeks, and brackets are 




altered as occasion arises by this simple method of atopping-off. 
Thus a wall bracket like Fig. 197, a, would easily be cast like 
Fig. 197, D, in the manner ahoTvn, the shaded parts representing 
the new piacos put on the pattern which indicate the shorter 
length required, and the piece c the atopping-off templet for 
the use of the moulder. In the economy of the trade thia 
principle of atopping-oif is of the utmost importance. 

Skeleton Fatterus. — Loam patterns are economical; but, 
apart from loam work, there are methods of making some 
pieces of casting without a complete pattern. Thus, if we 
wanted a ring somewhat large in diameter, and moreover for a 
temporary job only, we should make a sweep (Fig. 198) of the 
same section as the ring, and a foot or so in length. To this 
we should attach a radius bar, b, in which a hole would be 
bored corresponding in position with the centre of the ring. A 
stake, 0, driven into the sand would form a 6xed centre, arouad 
which this would swivel on a hard wood pin or bit of wire, rf, 
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while the moulder rammed the sweep up a sufficient number 
of times in succession to complete the circle. Or we may omit 
the bar, and simply mark two circular 
trammel lines on a true sand bed, by 
which to set the sweep. 

As a rule, a whole pattern would not 
be made for a large rectangular cast- 
ing, such as a boilermaker's or smith's 
levelling block. In these cases a 
frame only would be screwed together 
(Fig. 199), rough inside, but corre- 
sponding outside with the block in 
length, width, and depth. A level bed 
would be made on the sand, the frame 
laid upon it, and the -sand rammed 
round flush with its top edge, and 
stricMed-off level. The pattern would 
then be withdrawn, its cores put in by 
measurement, and a plain top box, 
rammed on the foundry floor and struck 
ofl? level, would cover the mould over. 
These are simple illustrations, but the ^* ^^' 

principle is often extended. The cast-iron centres for the 
wrought-iron truck frames of cranes are made in this way 
(Fig. 200). The curb ring facing, boss, and bed are strickled 





Fig. 199. 

in the bottom by a board working roimd a core-bar, the skeleton 
pattern frame is rammed aroimd on this, and the top and bottom 
arms, and middle ribs and boss, are formeS by cores. 

Neither in making a plated casting is a whole pattern 
necessary. The familiar form of a tank-plate wiU illus- 
trate this. A frame is made corresponding in outside dimen- 
sions and in thickness with those of the plate, and to this 
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frame the flanges for bolting are screwed. Wlien the pattern 
is rammed up and turned over, its position is that represented 
in Fig. 201. The sand within the frame is stricMed over 
level with its upper face. The top box is then placed over it, 
and upon the level and hard-rammed surface of the frame the 




Fig. 200. 



top sand is rammed (parting sand of course intervening). 
The top is then removed, and the soad within the frame is 
scraped out with a strickle, shouldered to the same depth as 
the thickness of the plate (Fig. 201), after which the pattern 
is drawn out. This method is also applied in modified forms 




Fig. 201. 



to core-boxes as well as to patterns. In making tank-plates 
in quantity, however, it is usually considered cheaper to make 
the pattern solid, and so save the cost of strickling each time 
of moulding. This is merely a question of relative cost, and 
does not affect the principle. 




Dowels. — Diflerence between thoso of the Cabinet and Pattern Maker. — 
Wood Bowels. — Metnl Doweie.— Peg and Cup and Plate Dowels. 
— Melhods of pntting in. — Rapping Plfttes. — Lifting-atrapB. — Contra 
Plates. — Modes of securing Jointed Patterns in the Lathe. — Long- 
toothed Gauge. — liadiua Finder. — Flange Templet. 

Though there are many points of similarity among those 
trades which employ the sama materials of constructioa, each 
has, neverthelesa, its own Bpecialitiea — special tools, modifi- 
cations of tools, aud modified methods of working. Cabinet- 
mating, carpentry, pattern-making, and the cognate wood 
trades have many tools in common, yet each also has its appli- 
ances separate and distinct from the others. Likewise, boiler- 
making, smith's work, engine -fitting, biass-finiahing — all have 
this in common — the manipulation of metals, and a know- 
ledge of the qualities which characterise those metals, besides 
the possession of some similar tools. Yet each trade, again. 
Is BO highly specialised that the man who works in one rarely 
has a thorou^ knowledge of the other. Taking this view of 
the matter, therefore, a few remarks upon the commoner 
specialities of the pattern-maker's craft in particular will, I 
trust, be in keeping with the scope of this work. 

Dowels. — These are in constant request in the pattern shop. 
But the dowels of the pattern-maker are used with quite a 
different purpose from those of the cabiaot-makor and car- 
penter. 'Ihe latter must hold tightly in the wood ; the former 
simply act as steadies to pieces which have to be left loose in 
moulding. The purpose of the two being quite distinct, their 
forms differ also. The cabinet-maker's dowel is a parallel pin 
fitting tightly and glued firmly into each of the two pieces 
which are jointed together, 'llie pattern-maker's dowel, on 
the contrary, fits tightly into one piece only, the other being 
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left SO easy a fit tliat tlie loose piece will come away with the 
top sand from the lower part of the pattern. But this does not 
mean *'slop," for too elack a fit would cause overlapping 
joints and inaccurate work. The fit should be good when the 
loints are closed up, and only slop when they are separated. 
Hence the dowel is parallel through one-half only of its length, 
and tapered like a print through the other half, the first por- 
tion being that which is driven home, the second that which 
retains the temporary loose piece in position. 

Formerly, aU dowels were made of wood in the pattern-shop 
— oak, apple-tree, birch — almost any hard wood was used. 
They were either turned in the lathe or else planed up in 
lengths in an angle-board, to be sawn ofl? just as required, 
and the half intended for the loose fit filed taper with a saf &- 
edged file. But in the good shops these have long since been 
superseded (except where rough and temporary work is con- 
cerned) by metal dowels made expressly for the trade. These 
are vastly superior to the wooden ones, being more accurate, 
less likely to become broken off or damaged, and conse- 
quently more durable. Two forms are shown (Figs. 202, 203), 
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each of which are made in various sizes. The peg and cup 
dowels (Fig. 204) are made in brass, and are quickly fixed ; 
but the plate dowels are more suitable for permanent work. 

The brass dowels are put in thus. Say we have two pieces 
of wood prepared for a plain round core-box (Fig. 205). 
Square over from their two correspondingly true edges, two 
corresponding lines representing tiie centres of the dowels, 
measured longitudinally. On those lines gauge at equal dis- 
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tancea from tlie edges other lines, the iateraectiona of ■wHch. 
will be th.6 centres of the dowela. But we do not always want 
the trouble of squaring edges, neither in all cases is it possible 
to get a square edge to work from. So a true way and ready 
is to lay a common pin in the joint with its head covering the 
Q want the centre of the dowel to come, and then 
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to press the upper and lower blocks together. The pi 
will leave its mipression on the two blocks, corresponding 
exactly with one another in position, and these form the 
centres for running in the centre-bit. Half a dozen or any 
number of holes may be marked thus if needed, and all per- 
fectly true. This is so good and simple a method as to bo 
preferable to the scribing of lines. 

Having the centres marked, bore holes, so that both shank 
and oup may be driven in tightly. Note that the portion 
which is driven into the wood is not screwed, as it may appear 
to be at first sight, but is simply grooved out concentrically. 
The idea is, that the yielding grain of the wood beingforcibly 
driven out of its natural position by the blow, wtU after- 
wards aweE out and hold the dowels in position by filling up 
the inter-ring spaces. 

The plate dowels are jut in thiia. On the undorsido of the 
female plate there is a ring (aae figures). In the joint of one 
of the pieces of stuff to be dowelled bore a centre-bit hole, into 
which this ring shall fit tightly, the hole having a depth slightly 
greater than the length of the dowel-pin itself. Di-opping the 
ring into this hole, scribe round the edges of the plate, remove 
it, and cut a recess to that size, and equal to the thickness of 
the plate. Drive in the plate, see that it is flush with the sur- 
face of the joint, or, even better, just a shade under it, and 
screw in place. Then the male plate is dropped in, the top 
half of the pattern lowered over it steadily into required 
position and pressed downwards. The two points or nibs, a, a, 
which stand out from the back, will then leave an impression 
in the top of the pattern, by which wo can, when turned over, 
set the plate in that half and mark its exact boundaries. Its 
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recess will then be out, into whidi it will be screwed, and if 
done carefully no fudgingwill be necessary to insure a proper 
fit between pin and bole. 

Sappiug Plates. — A pattern must be subjected to the pro- 
cess of " rapping," else on attempting to pull it bymain force 
out of the mould, all the bounduig edges of the sand would 
ding to it and becomi? broken and torn up. But rapping 
loosens the pattern by slightly thrustiug aside the sand woicH 
is in close contiguity to it, and, so to speak, clearing its way. 
A hole ia bored in the pattern, the pointed end of a round bar 
is thrust into this hole, and the bar is then struck sharply 
with a hammer on all sides in succession. Now this, as may 
be believed, is very destructive to the pattern, although essen- 
tial to the moulding. 80 plates of wrought or cast iron have 
long been substituted for the hole in the wood, the plates 
being let into the pattern flush with its top face. 

But a, few years ago, perhaps a dozen or more, plates 
made of malleable cast iron became a speciality, and have 
gradually superseded the clumsier, and in the end dearer, 
home-made productionB, so to speak, of the shop. They are 
neat, and are made in several sizes, of rectangular form. Jn 
most cases they contain provision both for rapping and lifting. 
Figs, 206, 207 show two different forms of these plates, 
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being the plain hole for rapping, b the tapped hole for the 
reception of a lifting-screw (Fig- 208), The plates are let in 
Bimilarly to dowel-plates, an.d are secured by the longest 
screws it ia convenient to use. 

Lifting Straps. — ^Wheu a large pattern has deep sides, a 
great amount of friction is set up between it and the sand, 
ntn l it is lifted out with the foundry crane. In most cases of 
this kind plates would be useless except for rapping, because 
the strain put upon them in overcoming this mction would 
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tear tbem away from their attachment in spite of screws. 
Then -we put on liftin^-ironB or lifting- strap a (Fig. 209}. 
These are pieces of tluck hoop-iron or thin wrought-iroii 
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Iim: screwed all down the aide of the pattern, and bent 
round at the bottom to a right-angle. The upper end has a 
hole drilled to receive a rod for the hook of the crane. By 
mating thesQ straps somewhat thick, say j inch or -jV inch, 
they can be made to fulfil another useful purpose in certain 
cases — viz. they ■will keep the pattern straight throughout its 
depth — an obvious advantage Tvhere thin stuff is otherwise 
scantily stayed. As they are used only with deep patterns, 
the fact of their standing out from the face of the wood to a 
distance equal to their thickness is attended with no inconveai- 
ence, because in such patterns eillier the middle or the outside 
of the mould must in most cases be Uftedawayforthepurpose 
of rendering their faces accessible for cleaning up. Then the 
impressions left by the straps are filled with sand and levelled. 
Centre Plates. — These are indispensable to the pattern- 
maker. They are used for the purpose of aecuring the two 
halves of a dowelled pattern ivhile it is 
being turned in the lathe. Those illuB- nX,..- '■^~ 
trated in Fig. 210 are used for work of a"|/ 
aonall diameter, and the claws, a, are suffi- | J 1 1 ] 1 1 

cient to insure security while taming, but 
for larger work such could not b« depended 
upon, and plates secured with screws 
(Fig. 211) are necessary. "When centre plates are not used 
as in small work, the stuff is secured with wood serawi 



io;. 212), which fig^ure aliowa a roughed-out piece of staff 

layforiiielathe, or, when the stuff is large, with "dogs" or 




" staples " (Fig. 213). But, even when it is not jointed, centre 
plates should be used with large work, because, without them, 
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both fork chuck and dead centre work into soft yellow pine 
to^ a greater depth than is desirable, thereby increasing 
friction, and sometimes causing the pattern to run out of 
truth before it is finished. 

Long-tootlied Gange (Fig. 214).— This '^ in constant 
use in the shop. In gauging quick sweeps to parallel widths, 
or in gauging parts not on the same lev 1, this is a most 
valuable tool, as useful in its way as the trammel with an 




Fig. 214. 

adjustable leg. The scribing point is capable of adjustment; 
and will gauge anywhere within the range of its length? 
4 inches or 5 inches. One face of the stock is flat, the oSier 
rounding. 

Centre Sqnare or Badins Finder (Fig. 215). — A useful 
home-made article. It is made use of for the purpose of 
finding rapidly the centre of a disc, without rule, compasses, 
or geometry. On a piece of mahogany i-e inch thick draw 
a circle, say, 3 J inches diameter ; through its centre draw lines 
intersecting at right angles. Cut to one of these lines to a 
little below the centre, A ; drive two turned pins, a^ a, through, 
on those points where the other line cuts the circle, and finish 
the edges to taste. When the edges of the pins are slid round 
the circumference of a disc, the q^^'q a always points to its 
centre. The intersections of lines drawn from opposite sides 
of the disc will indicate the centre point. The limits of its 

M 
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adaptability range between a diameter somewhat greater than 
the distance api^ of the pins and one twice the length of the 
stem. This 1^1 has been improved upon in an American 
artide costing about 12s. 
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Tig. 216. 

Among the numerous little time-saving appliances of the 
trade I shall mention one more. Every pattern-maker is 

aware of the difficulty of screwing 
body flanges quite accurately on 
pipes, by set-square or trying square, 
especially when the edges of the pat- 
terns have become damaged by long 
usage. A very simple article by which 
the difficulty is minimised is shown 
in Fig. 216. It consists simply of 
three strips of wood fastened together, 
with sides parallel, and ends as square as they can be made. 
Fig. 217 shows the templet in use. Its face is held against 




Fig. 216. 
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the face of the flange, whfle the screws are run in, one 
inside edge being of course in contact with the edge of the 




Fig. 217. 



pipe itself. Half-a-dozen of these, ranging from 2 inches 
to 12 inches between their sides, will embrace all pipes within 
those limits. 



CHAPTER XXm. 



CHAIN BARBELS. 

YariouB Kindi of Barrels. — Plain and Spiral. — Barrels made from Loam 
Patterns. — Mode of Striking-up. — Barrels made from Loam Moulds. 
— Striking-up. — Eight and Left-handed Spirals. 

Many barrels are made quite plain around their circumference, 
and tlien the chain can only lie at an angle (Fig. 218). The 
disadvantage with these is that the links are apt to override 
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Fig. 218. 



one another, with the result of straining the chain when they 
are jerked into the normal position by a load pulling at them. 
Barrels grooved spirally to take the links in flat and vertical 
positions alternately are made with the purpose of obviating 
this dangerous liability (Fig. 219). Barrels also not grooved 
with deep link recesses, but simply hollowed out spirally to 
take the links in angular position, without the danger of over- 
riding, are also made (Fig. 220). 

The pattern of the plain barrel presents no difficulty. The 
remarks made in reference to the building up of plain cylin- 
ders and columns will apply to these barrels. If small, they 
are made of solid stuff, jointed and do welled of course; if 
large, they are "lagged up " (p. 61). The flanges and their 
bosses are turned separately and screwed on the ends, and 
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the prints for the liole for the barrel-shait are fastened out- 
side of these again. The spiral, whether it be a groove or a 
hollow, is marked out by points of equal division in the manner 




adopted when making pattern ecrewa (seep. I75). Thus if 
the pitch of the screw on our barrel were 3 inches, divide that 
into, say, a dozen equal parts, and divide the circumference 
into precisely the same nimiber. Through the succesaive in- 




Fig. sso. 
tersections carry the thread. Mark another hne paralld with 
the first for the width of the groove, and work with gouge and 
chisel. The central ooro is struck by a loam-board. 

But the coat of patterns of tJiis kind, except where the same 
type of crane is being constantly repeated, bears too great a 
proportion to the cost of the castings. In such cases a plain 
barrel already in stock, of the diameter of the bottom of the 
groove, is sometimes utilised by having lead 
strips cast to the section (Fig. 221), and bent ^^^^^^^^j,^^^^ 
round and fastened with screws. Yet this is a 
clumsy method, and not to be recommended. A ^' **'■ 
better way, if the barrel does not exceed 20 inches or 24 imahea 
in diameter, is to make a good loam pattern (see Chap. !XXI.), 
which, if well made, and protected with a coat of tax, will 
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stand several mouldingB before it becomes rotten. If the 
barrel exceeds tbeso diameters, a loam mould (see Chap. X.) 
is our only choice. 

To get the apiral groove, a good deal of rigging up ia 
required, after wMch tlie process is ob simple as possible. 
Ijet us take the loam patient first in order. 




"Wo require a loam-board grooved 
along its edge like the barrel whose 
pattern it is intended to strike, but in 
the reverse way. Evidently also some 
arrangement by which the board shall 
travel a distance equal to the pitch of 
the screw during one revolution of the 
core-bar ; in fact, an apparatus aa 
regular in its motion aa a screw-cutting 
lathe. But it would be pre- 
posterous to think of fittingup 
change-wheels to a core-bar, 
so we devise some simpler but 
equally (for ourpurpose) effec- 
tive method. Fig. 222 shows 
the arrangement. 

A is a block of wood turned 
to any size, say, a foot in dia- 
meter, and bored to fit loosely 
over the end of the core-bar, b. ' One face of this is cut to form 
the face of a screw of exactly the same pitch as the spiral 
on the barrel. Two pieces of paper, equal in length to inner 
and outer circumferences respectively, and cut to the pitch — 
that is, tapering from 3 inches to nothing on their lengths — 
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md glued round the inner and outer diBmeters, give by tlieir 
fllant edgaa the lines by which the face of the block is to be 
worked. On the back of the screw-block a face-plate of iron, a, 

3 attached, and by means of the set screws in the boss the 
screw can be adjusted truly on the bar. 

The loam-board consietB of two portions — the lower, o, 
which strikes a loam body J incii or thereabouts less ia 
diameter than the base of the grooYes, and the ends, the 
bosses, and the prints beside, not shown. Over this comes the 
grooved board, d, which slides upon the bottom one by means 
of two hardwood pins, e, c, working ia slots, which slots per- 
mit of its motion in a rectilinear direction over a space equal 
in length to the pitch of the screw. 

Now all ia clear enough. After the loam body is struck up 
by the bottom board, the latter is of no further service sa 




a base for the spiral board. It is accordingly drawn back to 
clear the points of the screw, and the top board dropped into 
place by means of the pins, in a position corresponding with 
the commencement of the screw-thread. A boy then turns 
the handle of tbe core-bar, and while the core-maker daubs 
on the loam, another boy steadies the board whilst it is being 
pulled along by the screw a through the medium of the 
tongue piece d, working against the screw face. Immediately 
that it gets close to the extreme of the screw pitch the boy at 
the handle turns more slowly, until the shoulder of the screw 
is reached, when boy number two slides the board sharply 
back to the commencement of the thread once more. After 
this process has been repeated, say, eighteen or twenty times, 
the loam pattern screw la neatly finished, and is ready to go 
into the stove to be dried. The loam pattern, when struck up, 
has at this stage the appearance of Fig 223. The flanges and fl 
* ■ ' I made of wood, and bored to fit the loan 

prints. 
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stand Bevcrol mouldinge before it becomes rotten. If the 
barrel exceeds theEO diametorB, a loam mould (see Chap. X.) 
is out only choice. 

To get the spiral groove, a good deal of rigging up is 
required, after 'wliich the process is as ainiple as possible. 
Let us take the loam pattern first in order. 





Wo requite a loam-hoatd grooved 
along its edge like the barrel whose 
pattern it is intended to strike, but in 
the reverae way. Evidently also some 
arrangement by which the board shall 
travel a distance equal to the pitch of 
the screw diiring one revolution of the 
fact, an apparatus as 



regular lu its motion a 
laflie. But it would be ^ 
posteroUB to tldnk of fittingup 
cbango-wheels to a core-bar, 
BO we devise some simpler but 
equally (for our purpose) effec- 
tive method. Fig. 222 shows 
the arrangement. ] 

A is a block of wood turned 
to any size, say, a foot in dia- 
meter, and bored to fit loosely 
over the end of the core-bar, b. ' One face of this is cut to form 
the face of a screw of exactly the same pitch as the spiral 
on the barrel. Two pieces of paper, equal in length to inner 
and outer circumferences respectively, and cut to the pitch — 
that isj tapering from 3 inches to nothing on their lengths — 
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and glued round the inner and outer diameters, give by their 1 
slant edges the lines by which the face of the block is to be ^ 
worked. On the back of the screw-block a face-plate of iro 
la attached, and by means of the set screws in the boas the J 
be adjusted truly on the bar. 

The loam-board consists of two portions — the lower, 
which strikes a loam body i inch or thereabouts less in 
diameter than the base of the grooves, and the ends, the 
bosses, and the prints beside, not shown. Over this comes the 
grooved hoard, d, which slides upon the bottom one by means 
of two hardwood pins, c, c, working in slots, which slots per- 
mit of its motion in a rectilinear direction over a space equal 
in length to the pitch of the screw. 

Now all is clear enough. After the loam body is struck up 
by the bottom board, the latter is of no further service save as 




a base for the spiral board. It is accordingly drawn back to 
clear the points of the screw, and the top board dropped into 
place by means of the pins, in a position corresponding with 
the commencement of the screw-thread, A boy then tuma 
the handle of the core-bar, and while the core-maker daubs 
on the loam, another boy steadies the board whilst it is being 
pulled along by the screw A through the medium of the 
tongue piece d, working against the screw face. Immediately 
that it gets close to the extreme of the screw pitch the boy at 
the handle turns more slowly, until the shoulder of the screw 
is reached, when boy number two slides the hoard sharply 
back to the commencement of the thread once more. After 
this process has been repeated, say, eighteen or twenty times, 
the loam pattern screw is neatly finished, and is ready to go 
into the stove to be dried. The loam pattern, when struck up, _ 
has at this stage the appearance of Fig 223, The flanges w 
facing bosses aro made of wood, and bored to &t the loe 
prints. 
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Etand several moulding^s before it becomeB rotten. If ^e' 
barrel exceeds these diameterB, a loam mottld (Bee Ohap. X.) 
is our only choice. 

To get the spiral groove, a good deal of rigging up is 
required, after wliich the proc^esB is as simple aa possible. 
liOt us take the \oiaa pattfrn first in order. 




Wo rociuiro a loam-board i 
along its edge like tho harre] 
pattern it is intended to strike, but 
the reverse way. Evidently also soi 
arrangement by which the board shall 
travel a distance equal to the pitch of 
the screw during one revolution of the 
core-bar ; in fact, an apparatus as 
regular in its motion as a screw-cutting 
lattie. But it would be pre- 
posterous to think of fitting up 
change-wheels to a core-bar, 
so we devise some simpler but 
equally ffor our purpose) effec- 
tive method. Fig. 222 shows 
the arrangement. 

A is a block of wood turned 
to any size, say, a foot in dia- 
meter, and bored to fit loosely 
over the end of the core-bar, s, ' One face of this is cut to form 
the face of a screw of exactly the same pitch as the spiral 
on the barrel. Two pieces of paper, equal in length to inner 
and outer circumferoncGB respectively, and cut to the pitch — 
that is, tapering from 3 inches to nothing on their lengths — 
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and glued round the inner and outer diameters, give by their 
slant ©dgea the linea by which the face of the block is to be 
worked. On the back of the screw-block a face-plate of iron, a, 
is Bttatihed, and by means of the eet screws in the boss the | 
screw can be adjusted truly on the bar. 

The loam-board consista of two portions — the lower, o, 1 
which strikes a loam body i inch or thereabouts less in \ 
diameter than the base of the grooves, and the ends, the 
bosses, and the prints beside, not shown. Over this comes the 
grooved board, d, which slides u;tion the bottom one by means 
of two hardwood pins, e, e, working in slots, which slots per- 
mit of its motion in a rectilinear direction over a space equal J 
in length to the pitch of the screw. 

Now all is clear enough. After the loam body is struck u_ 
by the bottom board, the latter ia of no further service save as ' 




a base for the spii-al board. It is accordingly drawn back to 
dear the points of the screw, and the top board dropped into 
place by means of the pins, in a position corresponding with 
the commencement of the screw-thread. A boy then turns 
the handle of the core-bar, and while the core-maker daubs 
on the loam, another boy steadies the board whilst it is being 
puUed along by the screw a through the medium of the 
tongue piece d, working against the screw face. Immediately 
that it gets close to the extreme of the screw pitch the boy at 
the handle turns more slowly, until the shoulder of the screw 
is reached, when boy number two slides the board sharply 
back to the commencement of the thread once more. After 
this process has been repeated, say, eighteen or twenty times, 
the loam pattern screw is neatly finished, and is ready to go 
into the stove to be dried. The loam pattern, when struck up, 
has at this stage the appearance of Fig 223. The flanges and j 
facing bosses are made of wood, and bored to 6t the loaml 
prints. 
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Very large drums are so seldom in demand, tliat uauaUy 
one castiag alone is wanted at a time. Then, if the diameter 
will permit of a man standing upright within it to work, we 
make a loam mould. This requires a special rig-up, the same 
in principle, but differing in detail, from that last described. 
The same guiding-screw will be used, but it will be laid in 




Fig.BM. 

the bottom of the mould in a recess specially struck for its 
reception by the bottom loam-board. The striking-board also, 
instead of being cut rererse to the screw grooves, aa in the 
last example, will be cut like them ; because, in this case, it 
has to strike the actual mould and not the pattern itself. The 
apparatus for striking will still be made in two, but will differ 
from the last in these particulars. First, there will be the 
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under plain board for striking the loam "body, not aa in tlig 
last, i incli Bmaller than tlie base of the grooves, but the 
conditions being reversed, J inch larger than their tips. Then 
the second board, ita edge cut to the shape and pitch, will not 
■work in slots, but will be screwed to the first-mentioned one, 
and the necessary vertical movement will be aooompliahed by 
another device. Fig. 224 represents the apparatus rigged-up 
ready for striking the spiral. The top joint wUl have been 
struck before the screwing- tackle is put in. 

A is a block of wood carrying a small iron roller, enlarged 
at rig. 225, which runs on the face of the guiding-screw, the 
block being fastened firmly to the bottom bar of the striking'J 
board with wood screws, sis acoimter- 
poiso which, by taking the weight of 
the board and striKng-bar off ■" 
roller, allows the whole affair to i 
with veiy little friction, and leaves the 
moulder free to give his attention to 
the loam without much expenditure of 
muscular effort. When the board drops 
from the top to the bottom of the guid- 
ing-screw at the end of each revolution, 
a groove will necessarily be cut in tho 
loam equal in width to the thickness of 
the board; this the moulder will flU 
up when wet, and dress off afterwards when dried. With thifl 
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exception, the action is quite automatic; tho moulder 
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merely to move the board aroimd, and Bee that the loam he 
thiowB affaiust its face is of the proper conBistence. Fig. 226 
shoTB half a section of the middle part of mould. In cranes 
of heavy construction it is common to have two <!hainw winding' 
at once, one from each end of the barrel. This means a double 
spiral, right and left-handed (Fig. 227), and, of course, two 
guiding-BcrewB, one cut to a right-hand, the other in a left- 
hand direction. The grooved board also will be only half the 
length of the other, and will strike the two screws disdnct. 




Thus, say the screw commencing at the centre of the barrel 
and running upwards is right-handed, while the other running 
downwards IB left-handed. The grooved board will be screwed 
on first for the top screw, and the right-hand guiding-screw 
put in the bottom. When it is struck, the grooved hoard will 
be removed to Hie bottom, and the left-hand guiding-Berew pat 
in. The bottom screw is struck last to prevent its reoeivmg 
damage from the tumbling down of loam from above. 

The making of the lugs, or receBseB, as the case may be, for 
the attachment of the chain or chains is too simple a matter to 
call for comment, and the making of flanges and boards, top 
and bottom joints, has already been described. 




The art of chlUiiig caBtings properly ia only to be acquired by 
long experience and observation. The theory is, that by the 
p hilli ng of a casting the eeparatioQ of the graphite from the 
iron is prevented, and combination takes place instead. The 
eBsential thiag is so to nux Tarioua classes of iron together 
that a chilled face penetrating to any required depth may be 
asBured. Consequently, it is somewhat of a trade secret ; 
those who know liow to chill keep the results of their experi- 
ence to themselves. But, as regards the pattent-maker, the 
only knowledge necessary to be imparted is how to make due 
proviaion for patterns whose castinga have to be chilled. 

A chilled surface results when molten iron is run against a 
cold metallic mould. The crystals of metal ^ 

invariably arrange themselves at right angles 
with the cold surface, and they become white, 
hard, and of a steely nature. The regularly 
raystallised portion may extend from ^ inch to 
f inch in depth, and presents a most charac- 
teristic section when broken along the course 
of the needle-like crystals (Fig, 228). 

Take a simple illustration in the first place. We want to 
chill a trolly-wbeel so that it may resist the grooving action 
of the rail for a long time. We could not possibly chill a thin 
wheel without weakening it very much ; therefore it should 
be substantially proportioned round the rim. iVoperly, too, 
it should be a plated wheel. We have several times had 
occasion to refer to the internal stresses set up in cast iron 
through the irregular cooling of different parts, and iu par- 
ticular when treating of strap pulleys (p. 84) we mentionej^ 
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that the curved arm vae adopted with the view of lessening 
the liabili^ to fracture arieiug from that cause. For the same 
pnipose when we chill wheels, we curve, not indeed the arms, 
for arms are not so suitable here, but the discoid centre (Fig. 
229). The rim is chilled almost immediately that the Said 
metel comes in contact with the cold iron ring, and con- 
Bequentlj it has no further contractile power. But the centre 




being yet red-hot, goes on contracting after the setting of the 
rim. In a small wheel the natural elasticity of the iron will 
prevent any evil effects arising from this source, but a large 
on9 must either inevitably break or be liable to fracture at 
any future time through internal tension and stress. By im- 
parting a large amount of curve to the disc the wheel is safe, 
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provided, of course, that tlie metal in the boss is not in excess, 
and that the proper mixtures are assured. The disc will 
accommodate itself to molecular stresses, and lose some slight 
portion of its curvature. 

First in order we take the pattern. There will be no 
difference between this and any ordinary pattern of the same 
class. Build up in segments as usual and turn to templet. 
Then follows the chill. It is seen in section in Fig. 229, and 
in plan in Fig. 230. It is made wide, and bonded, otherwise it 
is Hable to burst. Six or eight inches of metal in the chill will 
not be too much for a wheel of two or three feet in diameter. 
It is accurately bored to the same shape as the wheel rim. 
As the rim alone needs chilling, the two faces of the castings 
are made with a sand mould. The bottom face will be 
strickled, the strickle working on the edge of the rim (Fig. 
231). After having strickled the bed, the pattern will be laid 
upon it, and in the chill. Then the top box will be placed in 
position, and secured by its pins dropping into holes drilled 
in the top face of the chill, while the upper face of the pattern 
is rammed up. Or, instead of bedding in the sand noor, a 
bottom box can be used, and the pattern turned over. The 
mould, when cleaned and put togetiier, will have the sectional 
appearance of Fig. 229. Fig. 230 shows it in plan. The 
rim will, if the founder makes his mixtures properly, be 
chilled as hard as highly-tempered steel to a depth of from 
J inch to I inch, as desired. 

Suppose, however, that we have to make provision for 
chilling a roller for a turntable or for a crane, as shown in 
Fig. 232. It is quite clear that although the metal could be 
run into the chill, the casting could not be got out ; therefore 
in this case we must part our chill. One way to part it would 
be through the centre in the plane of the wheel (Fig. 232, a^ a), 
moulding in other respects 
as in the last instance. This 
would answer the purpose, 
and the only objection to it 
would be the ''fin," as it is ^ r^&- 232. ^ ^ 

termed, or thin film of metal which forms at the joint. This 
could be ground off, however. Or the chill could be jointed 
in three in the line of the wheel axis, and fastened with 
cottars passing through lugs. Of the two, the latter is, per- 
haps, preferable, though a little more expensive to construct 
(Fig. 233). 

Some castings are chilled through their inner diameters. A 
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wheel nave will illustrate how this may be dond. Common 
wheel naves, with tapered holes for tapered axles, are not 
bored ; yet it is necessary that they should be smooth and 
truly circular, and durable beside. In order to effect these 
ends, a chill is ofton used in preference to a common core. 
Having the pattern presum- 



eponding exactly with the 
prints on the pattern, the 
one essential la that the 
chills shall always occupy 

Erecisely the roceFses formed 
y the prints in the m.ould. 
TMs could not be insured 
in prints formed in sand, 
because the weight of the 
iron chill would displace 
the more yielding sand to 
a certain extent. So iron 
""■ '"' rings, bosses, or clips, it 

matters not which, are cast and bored to fit alike around the 
pattern prints and the ends of the chill, and theao being 
either rammed up in the sand, or fastened to the top and 





bottom respectively of the moulding box, retain the chill in 
place. Fig. 234 shows different forms of clips. Fig. 235 
shows them attached to the pattern. Fig. 236 thowa thw 
round the chill. 




Principle of the Screw. — Diameter. —Pitch, — Striking out. — Entire 
Paltemfl. — Fitting the Seg^nents. — Working to Shape. — Pile Screws. 
— Pcopaller Sorewa, — Marking out. — Pattern Blades. — LoamScrewa. 

Screws will range from a fewincliea in diameter up to soverol 
feet. They will contain Beveral revolutions, as in those for 
com elevators and brick maclunea ; or a single revolution only 
of the blade, as in pile screws ; or fractional portions of two 
tbiee, or four helices, as in propcllera. We can also mould 
them from patterns, or strike them up in loam, To a young 
hand a screw appears a most difficult task — a veritable 
donkeys' bridge, the Potit Atinorum of his craft. How to get 
the necessary Enea is by no means clear, nor, having got them, 
how to work the blades. But if the fundamental principle 
of the screw be borne in mind, viz. the development of an 
inclined plane around a cylinder, no real difficulty need be 
esperieaced in work of tbjs kind. Details will vary, and a 
considerable degree of acemacj will be reijuisite, but a screw 
is only a screw after all, no matter how it may be modified. 

The diameter of a screw ia measured acrosa the tips of the _ 
blade (Figs. 237, 238). The pitch ia the distance betweei ' 







centres of the blade when it has ii 
237). So that apiece of paper s! 
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equal in length to the circiunf erence of the screw, as wide at 
one end as the pitch of the screw, from thence tapering to a 
point at the other end, will, when wrapped round a cylinder 




Kg. 238. 



of the proper diameter, form a helix around its circumference. 
Similarly any jiimiber of revolutions could be formed by de- 
scribing corresponding lines on a sheet of paper long enough 
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Fig. 239 

to embrace the total number required, such lines to fulfil the 
condition stated above, and to run parallel with one another 
(Fig. 239, A, A, A, a). 

But this, though a correct and ready method in the case of 
small screws, would not be quite so practicable with those of 
large diameter which are not cut from a solid cylinder. Some 
other method is desirable, and the following answers for a 
screw of any diameter, and also for the projection of the screw 
on the drawing-board. 

Divide both the circumference and the pitch into the same 
number of equal parts (Fig. 237) — 10, 20, 50, it matters not, 
so that they are equal ; but the greater the number of 
divisions, the more accurately will the screw be lined out. 
Through the successive intersections of these lines draw a 
diagonal, right or left handed, as required, and this will 
represent the line of the screw thread — either its edge or 
centre, whichever we choose to elect (Fig. 237). 

If we had to make a screw either with one or with several 
revolutions and of small diameter, we could cut it out of the 
solid stuff, as we did in the case of the worm (Chap. Y., p. 34). 
But such a course would be open to this objection — ^that the 
fibres of the grain would be no longer than the thickness of 
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the screw blade, and our pattern would become damaged or 
broken by a very slight amount of ill-usage. Hence a better 
-vvay — ^the correct way, in fact — ^is the following. First joint, 
dowel, and turn up the body of the pattern, t,e. the solid 
portion round which the helix turns (Eig. 238, 240, A, a). 
Evidently the pitch of a screw at the base must be equal to the 





Figs. 240. 

pitch at the point. So we mark our inclined planes diagonally 
across, uniting the lines which represent the pitch, with the 
edges which complete the circumference, on a piece of paper 
of the breadth of the screw body, and of length equal to its 
circumference (Fig. 239, a, a, a, a). Parallel with these lines, 
and at a distance from them equal to the thickness of the 
screw at the root, we mark other lines, a^ a, a, a, and then glue 
the paper round the turned body. The space inclosed by 
these parallel lines represents the width of a groove which is 
to be channelled out aoout -iV inch deep, with saw, chisel, and 
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templet, to receive the actual screw. When the groove is cut 
the body will have the appearance of Fig. 241, which repre- 
sents the body of the pile screw (Fig. 240). 

Then for the actual thread, get out a number of segments 
roughly, like miniature propeller blades, long enough to reach 
from the bottom of the groove to a little beyond the screw tip, 
say i inch, and a little thicker than the thickness of the screw 
at the root or base. The width will be immaterial — say a 

N 
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eiitli of a revolution each in a Etmall pattern, a tenth or a 
twelfth for a large one. Let the grain fibres run torwardfl the 
centre of the screw's diameter to afford 
the greatest atrength (Pig- 243), which 
represents three such roughed out blades. 
Each of these pieces must no>iv be fitted 
in Bucoession 'with gouge and chisel in 
the grooves previously cut, and the 
centre line of each piece should stand 
approximately square with the axis of 
the screw body. As these are fitted in 
BuccesBJon thoymnst be held in place by 
means of screws run in from the joint ci 
the body. When tho desired revolutioii 
or number of revolutionH is con^lete, 
replace the Iwdyin the lathe, and turn 
the edge of tho blade to the proper diameter, holding the 
tools with a firm grip to avoid a smash. 

This being done, mark on a strip of wood the number of 
diviaiona into which it is intended to divide the pitch (Fig. 

„„.„„______^ ^*^) ' ^7 **"* °^ ^^^ luike rest, 

I " "" " ' '" I and with a timber scribe set 

^ — ' ■ ■ 1 off corresponding iines on the 

^f *" revolving pattern. Then divide 

tlie circumference into the same number of equal parts as that 
into which the pitch is divided. Through the successive 
intersections of these lines draw a 
hehi by means of a naiTow blade of 
thin steel bent around the edge (Fig. 
244), which represents the pattern at 
this particular stage. PreviouB to 
marking these diTlaions, especial care 
ehjuld be taken that we start square 
with the body. A good way to begin 
at right angles ia to take the pattern 
out of the lathe before marking out 
tha point of tho thread, unfasten the 
jumt, and mark a centre line on the 
^'i!-^*^- blade in the joinl ■with a square. This 

produced to the outside will form a correct starting-point for 
the subsequent dividing out. 

Tho thickness of the screw at the tip will he pricked with 
compasses and marked equidistantly from the centre line, 
using the bent steel, as before, to run the lines round. The 
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Begments forming the helix -wHl then be &11 uuBcreved at the 
joint, and one by one worked to shape. This simply consiBte 
in cutting Hraight oiitwarda from the thickness of the root, 
gireo by the width of the groove, to the thickness 
at the tips last marked (Fig. 24&). A rebate plate, 
slightly rounded on the face, is the best tool for this 
purpose, and the work must be tried with a straight- 
edge from, time to time, to be asBUred that every 
line running to the centre is straight, and not 
rounding or hollow. Clean up with glasspaper 
and replace in groove. 

If our screw be a small one, say of not more than 10 inches or ■ 
12 inches in diameter, these blade eegments can now be finally,! 
and permanently fixed in place. Tor a small screw, even T 
though it have a good many revolutions, can, if worked care- 
fully, be drawn, or rather screwed, out of the sand by a spiral 
twist. But if the screw bo one of two or three feet in 
diameter, the friction of the sand against its sides is much too 
great to allow of this. In such a, case each segment must be 
drawn separately. This is only possible by allowing the radial 
joints full freedom to slide over one another; hence screws 
and brads cannot be used to keep those joints flush in the 
mould. Yet they must have some steadiment during 
the process of ramming up, and tb'w can be afforded 
by an oblong dowel at the tip of the thread (Fig. 
246). Each segment piece which contains the 
dowel-hole can then be drawn out, followed by the 
piece containg the dowel. The screws in the joint 
of the body retain the segments in their grooves during ram- 1 
ming up. After they are drawn, the body is lifted out and \ 
the segments follow singly. 

The taper of the pile screw (Fig. 240, «, a) is given after the I 
screw is worked. It is marked round with a pencil, the eye I 
judging of its shape, or the entire circumference may bo 
divided into a number of equal parts, and in each division, 
beginning with the first, a corresponding division will be 
pricked, proportional with the required amount of taper. ( 

In making the pattern for a propeller screw, precisely the j 
same principles of design will guide us as in the previous case, i 
but our mode of working will be greatly modified. I 

Say we have to make a common screw of 6 feet diameter and | 
12f6et pitch, hypattem. It may be two, throe, or f our-bladed, j 
that is, it will contain segmental portions of two, three, t 
four helices. Our first care ia to etnke it out. Fig. 247 show^ 



180 



PATTEBN-MAKINa. 



a three-bladed propeller, though not a working drawing ; for 
in practice It is not necessary to strike out the whole screw. 




Fig. 247. 




blade 



Fig. 248. 



All we need take is some aliquot part of the circumference, 
and a corresponding proportional part of the pitch, from which 

to get our data. Usually we want 
the angle at tip of screw, and a 
single developed blade with a boss 
section. The blade is developed 
as shown in Fig. 248 in order that 
the pattern-maker may prepare 
his templet strips for the guid- 
ance of the moulder, those strips 
corresponding in shape with the 
sections drawn across the blade. 
The angle at tip is required so 
that a templet may be cut for the 
building up of a pattern blade, or 
a sheet-iron guide made for 
the striking up of a loam bed. 
Imagine the circle formed by the 
tip of the screw to be unrolled — 
that is, take the circumference of 
the circle, in this case 18 feet 
lOiV inches, and let that form 
the one side of a right-angled tri- 
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Fig. 249. 

angle (Fig. 249), the pitch of the screw, 12 feet, being its base ; 
then the angle the hypothenuse will make with the side will 
represent the angle of the tip of the screw. 
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Thia need not, however, te drawn to full size, sinoe in 
equally proportioned triangles the correHponding angles are 
equal to one another. So we can make it to any convenient 
scale, and measure upon it the actual breadth of the screw 
hlade, and divide into as many parts as we divide the radius 
of the screw into, a, b, c, d, e,/ (Fig. 248). These lines will 
represent the respective angles made by the screw sections at 
those points. 

"When a pattern hlade is made, it is built up in overlapping 
strips, as shown in Fig, 250. The strips, it wiU bo observed, 
are planed to a uniform thickness of J inch or 1 inch, so that 
when glued together their squared edges form 
an exact guide for the dressing ofl to 
Work from end to end with planes, remember- 
ing, as before, that eveiy lino running from 
centre to circumference is straight. If the pattern 
blade is to bo used for casting an entire propeller, -gie. mo. 
the moat convenient way of doing so is to make 
a core-box, put the blade into it, and make as many coret 
we require blades. The thing to be noted is that the anglt 
at the segmental boss ia suited to ^e number of blades, 90' 
for 4 blades, 120° for 3, fie. If a coro-hos is not used, thi 
blade is attached to a centre bar, and rammed up 
times aa there are blades in the propeller. Movable top plates, 
or drawbacks, are used to carry the sand over the blades. 

In striking up screws entirely of loam, templets of sheet- 
iron are required, somewhat longer than the blade of the 
screw at its widest, and deep enough to take the amount of 
inclination which the pitch gives to each blade. The lower 
edge being supposed to remain truly horizontal, the top edge 
is cut to the angle of the pitch, and the plate then bent 
between rolls, to a circumference somewhat larger than that 
of the screw tips, is set in position around the bottom plate, 
and held upright by stakes, or other suitable contrivance, 
driven into the foundry floor. Then, on the building-up plate 
and underneath the places which the blades are to occupy, 
the moulder bricks up three sloping beds, filled in with ashes 
for the escape of the gas, and covers them with loam struck 
to shape either by a board working round a central bar, or by 
a straightedge working across from an inner to the outer 
templet. The pattoru-maker now has to provide outline and 
sections of blades. The best way to get the outline is to make 
a templet from the di-awing, either in tin, brown paper, or 
tbJTi wood, and to mark its shape on the loam with a scriber 
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passed around its edg^s. For the sections, get some strips of 
wood cut to the respective cross sections of the screw (Fig. 248), 
or, better still, strips about f in. thick cut to section, but cast in 
lead, and bent eacm to the curve of the radius at its own par- 
ticular section. These are set upon the loam face in l2ieir 
proper positions, and their purpose is to afford a sufficient 
jTuide to the moidder in getting the proper blade sections. 
This he does by filling in the interstices of the strips with 
loam or sand, and strickling it off level with the curved upper 
faces of the same. The central boss is either made in loam 
or wood — ^usually the former. Parting saud being strewn on 
the blade surfaces, the tops are rammed up in green sand, or 
as is usually the practice in large foundries where a stove is 
available, in loam, to be afterwards removed and dried. The 
templet strips, and their interlying loam, when taken away, 
leave the bottom face clean, and ready to receive the dried 
top parts for final fixing and casting. 



CHAPTER XXVI. 

FOUNDRY REQUISITES. 

Moulding Boxes. — ^Their Proportions. — Details of Parts. — ^Turn-over 
Boards. — Plain Boards. — How used. — Recessed Joint Board. — 
Boards for Gutters. — Plate Moulding. 

Moulding boxes or ''flasks" are rough articles which any- 
one can make ; yet, like everything besides, if one were told 
for the flrst time to make a pattern for one of these, he would 
be in doubt what proportions to give to it. 

In the first place, then, the size and shape of the box will 
be decided by that of the pattern which has to be moulded in 
it. There should be two or three inches of sand on each side 
of the pattern in the narrowest portions, and from three to six 
inches on top and bottom — ^less in the case of small boxes, 
more in that of larger ones. It is most essential that a box 
shoidd be rigid, even if that involves more cost in metal and 
some extra ramming up of sand. There is an immense fluid 
strain on a large moulding box when the metal is being run 
in = head x sp. gr. X superficies of moidd. Also in the 
lifting about and turning over of the box, with its weight of 
contained sand, there are considerable straining forces at 
work. A flimsily proportioned box will spring, causing por- 
tions of sand to become loosened, to the endangering of the 
mould and the casting. The liquid pressure of metal will also 
tend to open its joints and make the casting disproportioned. 
For these reasons the metal in a moulding box shoidd be 
heavy in proportion to its size. A box soon pays for itself, 
and the met^ is always worth its first cost. 

Usually the top part of the box has vertical bars, and, unless 
in cylindrical work, the bottom part flat bars. In boxes 
for cylindrical work there are vertical bars in both top and 
bottom. If there is a middle part it is usually without bars. 
The vertical bars should be brought within about f inch of the 
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joint edge of the box, and within the same distance of the ' 

pattern they are to inclose. . The edges of the bars 

'0 next the pattern are chamfered (Fig. 251). They may 

i be placed from five to eeven or eight inches apart in 

« the box, contingent upon size and circumstances. In 

common with the box sides, let them have plenty of 

^' ■ taper — from i inch, to i inch. 

Strong luge are placed at interrals on the box sides (Fig. 
252, 0, a), to carry the pine which connect the parts together. 
During casting the latter are kept close, either Dy weights or 
cottars ; in the latter case cottar- 
ways are cut through the pins. 
Swell pieces (Fig. 252, J, 6) are 
put on the ends to impart strength 
and to give extra (Mckness for 
the swivelB, c, c, to carry which 
pocket prints are fastened on the 
swells. Flanges are often cast 
round the top and bottom 
edges, d, both for convenience of 
turning the box over and for 
the attachment of flat stay plates 
to support the sand in de^ 
ej vertical casts, such as cylinders 
r, and plungers. For lowering 
|> boxes into the foundiy pit by 
the crane, or for rollmg over, 
■^ handles, e, e, are often cast on 
the sides, to carry which pocket 
prints wUl be needed. 

In these rough foundry pat- 
terns varnish is not used ; often 
they are left rough from the 
plane. Sometimes, however, in 
these, as in other heavy patterns, 
the deeper faces are seared witha 
hot iron, sufficiently hot to scorch, 
smoothed over the surface. 

Turn-over boards are also 
called bottom boards and joint 
boards; Their purpose ia to afisist the moulder either by 
economising his time, which would otherwise be wasted in 
Welling or jointing, or by rendering temporary support to a 
pattern which, but for that aid, would yield exceasively to the 
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rammer. In the former case the board has a plaia surface ; 
ia the latter it follows the outline of the pattern, whatever 
that may chance to be. When the board is plain and the 
pattern in halves, the bottom hali o£ the moulding box ia laid 
upon the joint board, inclosing one half the pattern, which 




also has its joint upon the joint board, and is there rammed 
up (Fig. 253). Both joint and pattern are therefore true 
without the trouble of levelling with winding strips. The box 
then removed from the boE^ and turned joint upwards, 




receives its top part and the other portion of the pattern tor 
the completion of the ramming up. 

A board of this kind should be made stout, of from 1 J inch to 
3 inch stuff, according to size of work. Fitch-pine or red deal 
are better than yellow pine, because harder. The pieces of 
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wliich it 19 composed should be narrow and open-jointed, to 
allow for the swelling and expansion in width which Trill 
take place in damp aand. They will be held in place with 
stout battens screwed imdemeoth, 4 inches to 6 inches deep, 
by 2 inches or 3 inches thick. 

But many small patterns are made without joints, par- 
ticularly in brasafinidier's work— as cocks, valves, plugs, and 
BO forth. The mould, however, has to bo jointed, though the 
patterns are not, and, since they are made ia quantity, they 
are rammed up on a turn-over 
Tjoard — a board which is recessed 
■oui to receive a numberiof such 
patterns at once. The patterns 
£t loosely into their recesses, and 
thoir centre lines correspond 
with the face of the board. The 
ramming up process is the same 
■aa that described in the preyious 
instance. Fig. 254 shows such a 
board, having some patterns, b, 
i, e, d, e, f, g, h, in situ, and some 
ppaces, i' and j, from which the 
patterns have been removed. 
The turn-over board for the 
^ pattern of a gutter castiag (Fig. 
i 255) will afford an excellent 
^ illustration of that type which is 
framed to give temporary sup- 
port to patterns too alight in 
■themselves to retain their proper 
ehape in the sand. 

The bottom board in this case 
answers three useful purposes. 
Gutter castings are very thin, 
not more than J inch, oftener 
■^ inch, so we stay our other- 
wise weak pattern upon its block- 
ing. Then, in consequence of 
their shape, they invariably 
curve in cooling, and we coun- 
teract this by imparting the 
amount which experience tells us they will curve to the 
bottom board, but of course in the reverse way. Also we 
make the moulder's joint (Figs. 255, 256, a, a,) at the gutter 
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ends, aad so save him the trouble of sleeking it every time ha I 
rams up the pattern. But for these precautions, the gutter I 
ends, nanges, or sockets and spigots, an the case may he, ^ 
would he awry, and not match one another ; and the eastings 
would be hollow oa the back, bo tbat the water would always 
find a low place to lie in instead of running right away. In 
a gutter of the annexed section the open side must be made 
hollow in the pattern to bring the caetine straight. la a 6-f eet 
or 7-feet length the amount of hollow will range between iiiich 
and f inch, variable according to its depth ; so we round the 
face of the bottom board by that amount, and the sketch 
(Fig. 255) shows how it is best made. 1 

First there is a stout frame of, say, 3-inch stuff, mortised and I 
tenoned, or else Jointed with half lap joints. It must be both I 
wide and long eaoughto leave a mai'gin of sand beyond the ' 
sides aad ends of the gutter, and to take in the moulding- 
box lugs besides, for the reception of whose pins holes are 
bored with a centre-bit. Blocks of stout wood ai-e screwed 
on the cross riba of the frcune (Fig. 255, i, b), at intervals of 
10 inches or 1 foot — of exactly the same shape as the inner 
cross section of the gutter. 35iese being paridlel and fastened 
on a cixrved surface, will partake of the gutter curve. At 
this stage the pattern is made, the thin strips which form its 
sides and bottom being glued edge to edge and bradded ■ 
while in place — flanges and sockets and spigots being added at I 
discretion (Fig 256). Then, for the eonveuienceof the moulder, 
we screw die eharafered block at each end of the board, a, a, to 
form his joint. All is ready now ; the pattern being laid upon 
the board, and the bottom box dropped over, the sand is rammed 
around, and foims the reverse of the outside of the gutter, 
with its terminal chamfered joints, and its longitudinal curved 
side ones also. The box with the gutter hi situ is then lifted 
and turned over, the top part put on and rammed up. The 
box pnrts are afterwards separated and the pattern drawn. 
Thus both rapidity and accuracy are secured, which would . 
have been impossible of attainment with an unsupported wood I 
pattern. We may note that the patterns of gutters are often I 
made in metal. I 

Another modification of the joint hoard is seen in plata I 
moulding. But here a still further economy is obtained, I 
since the founder has not oven to turn his moiild over. The I 
boxes are not, in fact, brought together until the mould is I 
finished ; neither are the runners cut by hand, sinoe they form I 
part of the pattern in the plates. Figs. 257 and 258 illustrate I 
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platea with cwmiaon lift valves, daek-box c 
wheels upon them. 

In this case the top and bottom o£ mould are ram 
upon its separate plato, and when brought together, correspond 
exactly. Necessarily, in order to attain thia result, the pattern- 
maker must work with extreme accuracy, else the joints of 
the coatings will overlap one another. 

Fig. 257 is the plate which gives the bottom of the mould, 
and upon this the deeper portions of the patterns are fastened 
if comparatively shallow, dowelled if deep, and the runners 
to each radiate from the central feeder or gate. The stripB 




screwed at the comers of the plate are there for the purpose 9 
clipping the moulding box without allowing any slop move- 
ment sideways. 

The next plate, Fig. 258, has upon it the top portions of the 
patterns, corresponding in position with those upon the lower 
plate, a central stud-hole being bored to receive the runner 
pin. It also has clips for the maintenance of the box in posi- 
tion. 

The two corresponding halves of a well-fitting moulding 
box are rammed, one on plate A, the other on plate d. Being 
then put together by their pins, they form the complete mould 
ready for the pouring of the metal. Sometimes, where the 
quantity of castings will cover expense, a machine ia fitted up 
to still further save time, the wooden boards being replaced by 
planed metal tables, metal patterns, &o. 

The core and drawback plates which moulders use do not 
req^uire patterns, but are formed in the sand from sweeps or 
strips, which the pattern-maker suppUes. The jaggors ore 
stamped in the mould. (Jrids of various sizes are made from 
one atock pattern grid, stopped off as required. Large core- 
bars are made from pipe patterns, and the air-holes are either 
cast or drilled in. 



GHAPTEE XXVII. 
HEAVY MACHINE WORK. 



This inoludes types of so many differeEt feinda that the barest 
deBoription of them would be iaoompatiblo with the general 
scope of this boot. Lathes, <1 r illin g, shaping, planing, 
boring, slottiiig machines, steam hammors, punching, shear- 
ing, riveting machines— all of them engiaeera' tools. The 
subject is both varied and attractive in the highest degree. 
But we shall find it more to out advantage to take two or I 
three of the principal and more typical castings, and toj 
thoroughly understand the construction of their patterns, T 
than to run over the whole field in a cursoiy and enperflcial | 



One thing strikes the most casual observer who walks 
through aa engineer's shop — tie massive appearance of the 
framework of the machines. Everything has a solid-looking 
exterior, contrasting very markedly with the old skeleton-liko 
types that linger yet in some of the older firms. But these 
ponderoiis-looking castings are really most economical of 
metal, since they are hollow, the form which best eombinoa 
lightness with sh'ength, their thicknesses ranging from about J 
J inch to 1 inch or 1 i inch. 

The lathe fumiahea the oldest type of the engineer's tools, ^ 
and contains in itself the essential principles upon which ' 
many others very diverse in appearance are constructed. 
Without the automatic slide, not only would our lathea have 
remained in the same rude condition in which they were found 
by Henry Maudsley, but those other machines whose value j 
depends on tae parallelism of their faces would have remaine^i^ 
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in the limbo of oblivion. Poatponing, towever, the discussion 
of lathe matters to the next coapter, we pass at once to the 
machiao which corner next af t«r it in importance — the planing 
machine. 

Looking at its bed (Figa. 259, 260) weobserve the T-shaped 
grooves for the sliding table, running its whole length, and 




projecting Beverol inches within the sides. They are plaj 
truly linear and smooth; henee they must mould downwardB. 
Moulding thus, it is necessary that they should be left loose, 
and the best way of iointing is 
to dowel as shown (Fig. 260). 
After the main pattern is re- 
moved, and the middle sand 
cores (a, a, a, a, a) are lifted 
out, these strips could be 
drawn upwards but for one 
obstacle — the overlapping por- 
tions, i, b, projecting beyond 
SacHmvaTStA. the outer edges. These, there- 

^' **•■ fore, should be wired loosely 

on the already dowelled pieces, to come in after their removal. 
Or, if the hollow on h is not undercut, the V strips entire 
may be drawn in after the removal of the bed by a sidelong 
motion in the direction of the arrow — that is, of the onter 
V face. Sometimes, however, the V'a are taken out with 
cores, in which case the print o (left-hand side) would prevent 
the removal sideways, and the outer piece must be left loose. 
The croaa-bars, d, are cored out (Kg. 261) with the v' 
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lightening them, and thia prints for that purpose are fastened 
on the hack and lifted In tho top. The outside faces of these 
cross-baM, together with the sidea of the bed, should have at 
least J inch of taper, or more if the bed be large. Ths 




bloclts, d/d, upon the sides (Fige. 259, 260) axe for the j 
attachment of tho upright standajda, and are cored out with ( 
prints, e, e, eerewed against their aides. 
The bosses in the comers are for the 
purpose of receiving the bolts which 
retain tho two parts together, and are 
placed in the core-box (Fig. 262) at a 
distance below its edge equal to the thick- 
ness of the prints, e, e. These blocks a 
the crOBB-barB are "boied up" , 
XI., p. 74) and attached to the sidea 
with screws. The feet are worked out of 
solid stuff and screwed on permanently, 
as also is the fillet or moulding ruoning 
round the bottom edge. The bosses for 
canying the driving and quick-return 
shafts, &c. (not shown), must all be wired 
on loosely. Such a bed should have 
lifting straps down its aides {Chap. 
XXn., p. 159). 

It may bo taken as a rule in ribbed f 
or flanged castings that plenty of taper 
should be given to those faces wbich are 
not working parts. Strength is not sacri- 
ficed — the average thickness being main- 
tained — and the risk of the breaking up 
and damaging of the mould is vastly 

diminished. Also, ro^nd all parts that can be rounded — ^tha I 
edges of these croas-bare for instance — a rounding edge having ^ 
a more graceful appearance than one quite angular. i 

The standard (Fig. 263) is either " boxed up " or mode of 
solid bars iDoitiaed together. It moulds upon its side with J 
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the face wliieh bolts to tlio bed downwards, and a, print is 
screwed on this joint face to carry a. portion of the lightejiing 
core. One pattern will suffice for both standards, by reversing 
the partfl from one hand to the other. The core will cut 
through on the bottom^ — the top — the joint face, and on the 
slide, but no prints will bo required save that one on the joint 
face juat mentioned, which, bolta against the machine bed. 
Elsewhere the core irill be supported and steadied by chaplets, 
In nearly all large hollow machine castings chaplets furnish 
the chief support to the cores, prints being available to but a 
limited extent. In their rudest form they 
are simply thin plates of hoop iron, into which 
a bit of wrought bar of the necessary length 
■!•■• n- -— ^^^^^^^< ^^ opposite end of the bar being 
"/"Xm^^r" steadied against a bar of the box, or a cnbicd 
,*:^ wooden chaplet block embedded in the sand 
(Fig. 264). These chaplets, arranged at the 
discretion of the moulder around the other- 
Fig.W4. wise unstayed portions of a core, effectually 

prevent the liquid proSBuro of the metal from thrusting the 
core against the side of the ruould. 

The core-box for the main core of the standard will be 
made as shown in Fig. 265. It is very similar in appearance 
to a pattern partly boxed up. The etrips which form the 





bottom of the box may be battened together, and should be 
at least li inch thick. The sides will be abutted together firat, 
and then after being suetainod with stout blocks glued and 
screwed into their angles th.e radii will bo worked, the whole 
of this portion of the box being kept in position on the bottom 
board with dowels. The groove for the nut for the vertical 
screw is cut through the side of the box at d. This core does 
not include that which cuts tlirough the joint face block. This 
will be made in a distinct box, similar to Fig. 262, and laid 
in the mould first, the main core being subsequently laid 
upon it. 
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Looking at the travelling table (Fig. 2GG) we see a recessed 
portion at each end dropping a litda below tlie T-headed bolt 
recesses. We shall take advantage of this fact, and make 




our table in such a way that it cannot "get out of truth. The J 
plate will be formed of two thiokneasea of stuff, the lowermost J 
thickneaa being eq^ual to the plate at its thinnest (Fig. 267, a), 1 
the uppermost equal to the thicker portion, b. The thinner f 



Sectum- of Table- 



riff. 287. 



pieces will be equal to the table in length, and sufficient in I 
quantity to make up the width. We shall not glue these I 
pieces edge to edge, but joint with open joints ; that is, leave 
about i inch between each strip of timber. If we were to 
glue our pieces together in a pattern so wide, a few hours of 
espOBure in the damp Band of the foundry would expand the 
wood sideways, and either make the pattern too wide or else 
curve it. The open joints allow of locahsed extension, and so 
the bounding edges of the pattern remain unaltered. On the 
lower longitudinal pieces thus jointed, screw in a transvers* 
direction sufficient stuff to form, the thicker portion, h, also ^ 
with open joints. We shall thus have a rigid table that will! 
not go out of truth either by the action of damp or heat. n 

Upon this wo put the remainder of the work, very simple 
indeed. The long V-shaped sliders have narrow plamng 
atripa wired on their sides (Fig. 267, c, c). "' 
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ribs are often placed crosswise underneath on heavy tables^ 
df d. Sometimes in the larger machines the sliders are 
lightened out at intervals TviSi rectangular holes, in which 
case pocket prints on both sides will be used. A T-headed 
groove is run along one edge (frequently along the bottom) 
to receive the tappets. The core for this will be fixed by a print 
wired on e. The prints on the face of the table, / (Fig. 267), 
for the T-headed bolts, need only be shallow, J inch or J indi 
deep, and the cores wiU be made in short lengths, say 1 8 inches 
or 2 feet, placed end to end, as also wiU be those for the tappet 
groove. It will aid the moulder if all the work on the under 
side, sliders, ai^d ribs is left dowelled, to come away with the 
top sand, rather than that the top sand should be dragged 
away from them. The lugs, g, y, are for attaching the 
travelling rack to. 

A plain wall, drilling machine is made almost precisely like 
the casting. The plate or web is not cut from the solid, but 
halved together with half lap joints, and the ribs, having 
about i inch of taper on their inner faces, are screwed fast 
upon both sides of the web. The bosses for spindles are cored 
out, if cored at all, with pocket prints. But tiie case is not so 
simple when we have to do with more massive frames, or with 
radial machines. A heavy, solid-looking frame is boxed up 
and cored out like the planing machine standard just described, 
but the core-box is often more difficult to make. Especially 
is this the case with large curved brackets, having their curves 
irregular and in different planes. Careful measurements 
taken from plan and elevation views are then essential. "With- 
out such care, the thickness of metal in the casting will vary 
considerably, and after the pattern-maker has done his best 
the moulder will often detect variations in thickness by means 
of his clay templets. 

If to the remarks already made we add a description of a 
radial drilling machine, enough will have been said to enable 
a reader of ordinary intelligence to imderstand the construc- 
tion of any of the common machine castings of this type. 

Looking at it (Figs. 268, 270), we see that the top and bottom 
portions are projected upwards and downwards to form bear- 
ings for swivel movements ; the back is hollowed out deeply 
to receive the vertical spindle and gearing, and the Vee'd strips 
are cast on the horizontal arm which stands out at right-angles 
with the vertical axis of the machine. We can only mould it 
in one way — on its side, with the Vee'd face downwards. 
Evidently, then, the hollow back must be taken out with a 
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core, winch, core must be supported by a sufficiency of print. 
Then there is a boss for horizontal telescopic spindle, with 
abutting ribs, and between this boss and the radial arm there 
is an intervening space, (?, to be taken out. 

i 



I 



Section/A 






Sectiom/C.D, 



Fig. 263. 



We shall decide to joint our pattern along the longitudinal 
centre — ^thatis, through the centre of the boss and rib. Being 
large also, we will box or lag up each half in preference to 
using solid timber. It will be lighter and less liable to get 
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Fig. 269. 



out of truth. Make four or five blocks (Fig. 269, which 
represents one half the pattern, looking against its joint, and 
a section also), ay a, a, a, dowelled together, and glue and 
screw lagging strips, h, h, h, h, across these, to include both the 




Fig. 270. 



curved portion of the pattern and also its print, bringing the 
print edge level with the termination of the pattern side (Fig. 
270). The rounding ends and the swivel projections will br 
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prepared as separate pieces, and screwed against the ends of 
the lagiring. The ramal arm will be a plam piece of wood to 
which me Vee's will be screwed fast. It will be fitted against 
the rounding body at its due distance from the boss centre, 
and the bracket, r, attached to it. The spindle boss and its rib 
will be made in halves and screwed in place. The pattern 
itself is now complete, but the space, d, between the boss and 
arm is rather awkward. If but one or two castings are 
required let it remain so, and the moidder will use a draw- 
back ; but if for standard use put in a print, and make a core- 
box for the recess. 

Fig. 271 is a section of the core-box, which takes out the 
back of the vertical portion. It is made, as is usual with 

rectangular boxes, with two sides and two ends 

grooved in. Into this a block of wood worked 

to the shape of the inside of the vertical pillar 

is dropped, a, the ends of which are curved 

Sccticn^cf j^;^g|. a^ ^^ edges of the casting are curved. 

ixrrcBoao r^c^^ j^gg £qj. carrying the spindle are shown 

^•^^- at B, e8U3h having a pocket print on opposite 

sides, and a loose boss wired on. 

There is much similarity in these machine castings. When 
we are conversant with one type of frame, and the method of 
making and moulding it, we see, almost as if by intuition, 
how to make one of a different class, yet to which the same 
methods will apply. Almost all will be resolved into two 
kinds, the ribbed and the solid. Of the one the planing 
machine bed may be taken as a type ; of the other its standard 
and the radial drill furnish illustrations. Large slotting, 
shaping, punching, shearing machines, and so forth, are all 
boxed up and cored out ; lathe beds, many drilling and boring 
machines, have a ribbed framework. The patterns are made 
strong and substantial, and instead of being varnished are 
usually painted. 
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LATHE MATTERS. 

Lathe Beds. — ^Advantages of Coring Beds. — Boxing up. — ^Attachments. 
— Core-hoxes. — Saddle for Slide Kest. — Transverse Slide. — Standard. 
— Headstocks. 

There are two ways of making lathe beds : one is to construct 
the pattern like the casting, leaving certain parts loose, and 
giving due taper both to external and internal portions ; the 
other is to box up a pattern, and to core out the internal 
portions. Of these two methods I am going to describe the 
latter, because with a cored-out pattern there is less chance 
of an imtrue casting being produced, such a pattern being 
less liable to become rammed winding, or otherwise out of 
truth in the sand. If I were going to make a small bed such 
as this is for myself, knowing the 
moulder who would mould it, and that 
I could check it with straightedge and 
strips in the sand, I would not bother 
with cores; but if cast in a strange 
foundry^ perhaps by men unaccus- 
tomed to this class of work, I would 
not run the risk of getting a crooked 
bed by constructing a pattern of so 
slight proportions. To such as wish, 
however, to mould in greensand sim- 
ply, the view of Fig. 272 is self-expla- 
natory. A pattern made thus (one only of two or three methods) 
will be made correctly for moulding, remembering of course 
that the top of the bed is the bottom in the mould. 

Fig. 273 shows a fairly proportioned bed, dimensioned for 
the sake of clearness of illustration. It might perhaps be 
lengthened six or twelve inches with advantage, dependent 
upon the class of work for which it is to be adopted. 




Fig. 272. 
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LATHE MA.TTBEB. 

"Box up" the main body of the pattern (Fig. 274).l 
Procure some inch hoard, out of which cut two sides (Fig^J 
274, A, A, a) elightlj' larger than, the outline of the ted. Ee- I 
bate them i inch deep to the width of an inch all round, and also 
across where the ribs or stays, o, a, a, a, a, are to come. Then 
prepare one piece for the top (b) i feet OJf inch long by about 
3S inches wide. We eay "about," because the stuff in the sides 
may be full or bare in thickness, and we want the bed to J 
measure 5 inches over the sides -when roughly boxed up, the V 
finished width being 4J inches. Prepare pieces liiewise for the I 
bottom, b, b, b, h, 6, of the same width as the last, also the ■ 
cross ribs, a, «, a, a, a, of the same width too. Nail or screw all 
together. Plane up the sides to 4^ inches wide at the bottom 
(bottom from the moulder's point of view, really the top face 
of the lathe bed) by 5 inches bare at the top. Plane over the face 
straight and square with the vertical centre of the bed — i.e. 
so that the taper in the sides ia equal relatively to the top ; 
shape the blocks that form the swell round the gap, and plane 
i\-th taper at the ends of the bed. 

The main body ia now ready to receive its equipments. 
Make a print 4 feet by If inches by J inch and nail it upon the 
centre of the face (Fig. 2751. (In reference to the apparent 
discrepancy between the width of the print here given and 
the width of the groove in Fig. 273, as also to other instances 
of the same kind, as 5^ inches depth of bed in Fig. 275 against 
5 inches in Fig. 273, let me remark that these are the 
usual "planing" allowances). Extend the width of this print J 
just (Jiw the intmded gap to 41 inebes (Fig. 276, Fig. 275, e, o),f 




the reason of which provision we shall seo by-and-by. Pre-a 
pare the outer T-shaped strips to the sections (Figs. 277",,T 
278), and wire on in place (Fig. 275, o, a). The outer lines in 
Figs. 277, 278 are the pattern lines, the inner ones represent 
^a planed sizes. Make the fillet to section (Fig. 279), planing 
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the atraiglit portions, and (uttiug tie curved parts Tonnd Qw 
gap with. Rougo and chisel, and nail or screw in place (Fig. 
. „. , 273,ff,a;Fig. 275, J,i). 

..7-^yi- i---j*---»| The strips, D, D, D, round 

. TV..- ^ [t-- #— jj ; ^^ the gap must, however, 
bewiredon. Thotwofa- 
cings for the standards, 
5} inches by 3^ inches 

^J" iW^ i^ complete the pattern. 

Pig«. S7T, 878, !TB. por the first core (Fig. 

278, plan), frame up a box 1 foot 5 J inchea by 4 inches by 5| 

inches (Fig. 280). This is long enough to include the first 

and second riba, and deep 

1, 7.5Ji >| enough to include the 

print. Plane two stripa 

1 foot 5;^ inches by If inch 

by li inchea, equalling 

respectively length of box, 

depth of inner strip and 

print, and width ol inner 

strip with planing allow- 

^ ance, and screw them 

against the aides of thin 

box flush with its top edge (Fig. 280, a, a). Prepare two 

crosa-bara i inch thici to th« shape and djinensions indicated 

^^ in Fig. 281, whicli repreeenta o, section of the box, 

^y*7, looking towards the end, and screw in place (Fig. 

^^ ^ 280, B, b). Prejjare a piece 4 inches by 3 inches 

g>^M by i inch, and fasten at one end for the standard 

i t? I facing (Fig. 280, o). 

l-^'lj^ The next box is framed to 1 foot 4J inches by 
EiB 281 * inches by 5| inches, and one end is made to 
' ■ follow the outline of the pattern (Fig. 282). la 
the end next the gap, a cross-bar aimilar to the others, but 
3 inchea deeper, ia fixed (u). The guide atripa, a, a, for the 
poppet, as in the last box, will be required. The box for 
the third core (Fig- 28a) will be 8 inches by 4 by 5S-, having 
atripa, a, a, cross-bars, b, b, and facing, c, for ataadard ; or the 
aecond box may be utilised after its core ia made by screwing 
a cross-bar in, 8 inches from the end next the gap, and putting 
in the necessary parts. 

The gap box (l^g- 284} is framed to 6 inches by 4^ inchea 
by 8 J inchea. This, it will be aeen, corresponds with the 
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print in Fig. 276. Against the sides of box screw two 
Uocks 6 inches by 5 inches by -jV inch (Fig. 284, a, a), to 
form the metal at the sides of the bed below the gap- 
Fig. 285 shows the saddle and transverse slide suitable for 
the bed wo have just described in plan, Fig. 286 gives a aide 




view, Fig. 287 one in front. A is the screw ; b, b are the nuts 
attached to the saddle by the acrewa c, c ; d the nut held in 




the transverse slide, through the medium of which the motion 
of the screw is communicated to the slide; e the stud for 
the longitudinal slide ; f, f a turned bevelled groove to receive 
the ti^tening nuts for the upper slide; o loose atrip for 
transverse slide, tightened up by screws h, h ; i is the loose 
strip for the saddle, fastened by screws J, J, and set by screws 
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K, K ; L, L are slots for T-headed bolts, for convenience of hold- 
ing work to be bored. The bosses for the rack pinion move- 
ment are omitted to avoid crowding. 

Taking the pattern of the sadfie first (Fig. 288), make 
the main plate 2 inches thick, to dimensions given, framing the 



thuok/ 




parts together either with half -lap joints or by mortises and 
tenons; nail on a print, a, \ inch thick, to take out the recesses 
for the transverse slide ; screw on the strips b, b which embrace 
the lathe-bed, wiring on the Vee, which is cast in a piece with the 
saddle. Fig. 289 shows a section of the core-box for a, looking 
towards one end. By means of the curve, «, on the end cross- 
bars of the box, the core is strickled to a corresponding shape 








Pig. 289. 



Fig. 290. 



for the purpose of taking out the recess underneath the tra- 
versing screw. The prints, l, l, l ,l, and their core-box, m, 
shown in section. Fig. 288, are for the T-headed slots, shown 
in the three views ofthe rest. Fig. 290 is a half-size section 
of the loose Vee strip, i, in Fig. 286, giving planing allowance. 
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Fig. 291 shows the pattern of the transverse slide, top and 
bottom faces respectively, and Fig. 294 in end view. The plate 
A is 5} inches by 4 inches by J inch (finished to i inch). Upon 
this the circular face, with its print for the bolt recess, b, Fig. 292 
in section, is fastened. Fig. 293 shows the core-box for this 
recess, in section and plan, a is a bottom board upon which a 
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Fig. 892. 




Fig. 291. 



Fig. 293. 



centre-piece, b, is studded, and^a ring piece, o, dowelled; the un- 
shaded portion being the core space. Note that the width of core 
is given as iV inch against f inch width of groove on top of Fig. 
285. This adlows of the barest possible amount of skimming up 
in the lathe, the core being too small to permit of much turning 
allowance, neither is much necessary if the box be made truly. 
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Fig. 294. 



Fig. 296. 



A slot will have to be cut in the casting, shown at m in Fig. 
285, through which to thrust the tightening bolts into place. 
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For the under face of the tFaTeremg slide prepare a piece of 
stuff 5^ inchee hy If inch by } inch, and fasten oa in the centre 
of tlie plate already prepared (Figs. 291, 
294, b) ; on this wire the looee strip, o, 
and nail the print, d. Make core-box 
{Fig. 295) jointed longitudinally, j, j, and 
dowelled and recessed at sides, a, a, to re- 
ceive the brass nut (Figs. 285, 286, d, 
and Fig. 296). ^ ^ ^^-"^^ 

The standard (Fig. 297) is siiitably designed for the bed 
which we have described. The frame wiH be made with 




half -lap joints, and the ribs screwed upon it with iV indi of 
taper on their inner faces. The i inch ribs on the outer 
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face simplj relieTe the otherwise heavy appearance of the 
casting. 

Hcadstocks and poppets are jointed either longitudinally 
in their vertical plane, mus moulding upon their sides, or they 
are made to moiud top side down, the barrel of the poppet 
being loose in that case, and the overhanging portions also of 
ihe headstock being left loose ; or where the overhang is con- 
siderable, as in arms for back gear, the sides are taken away 
on drawbacks. 



CHAPTEE XXIX. 

PUMPS, COCKS, AND VALVES. 

Three throw Pumps. — Suction-hox. — Delivery-box. — Jointing. — Barrel. 
— Its Core. — Bucket. — ^Air-vessel. — Strainer-pipes. — Their Cores. — 
Sluice-cocks. — How Moulded. — Gunmetal Faces Cast and Turned in. 
— Plug. — ^Nut. — Force-pumps and Core-boxes. — Small Brass Work. 
— Globe-valve. — ^Methods of making Cores. 

The varied character of pump work forbids all except a brief 
description of the commoner forms. The essential parts are 
barrels, plungers or pistons, suction and delivery boxes, more 
or less elaborate in detail, and air-vessels. Single-barrel, 
two-throw, three-throw, hand and steam, single and double- 
action pumps, vaiy more in details than in principle or general 
design, and are not usually very intricate. But almost always 
the internal portions are cored out, and the core^boxes are 
generally of the most importance, often involving more work 
than the patterns themselves, and in certain cases requiring 
very great care on the part of the pattern-maker. 

Let us run through the main patterns for a set of three- 
throw pimips first of all. The pattern of the suction-box is made 
as indicated in Fig. 298. One flange at least, sometimes both 
flanges, are doweUed on to the body, and upon one of these 
flanges are fastened the facings for the barrels, a, a^ a, and the 
prints, hj by by for the holes that flange moulding downwards, 
or the reverse to the figure, which shows the box as it stands 
in natural position. In standard patterns it is customary to 
work the hollows around the flanges, and then the loose flange 
will be planed thicker by that amoimt. Sometimes, instead 
of a mere suction-box, where the valves rest upon the facings, 
«, «, tty we have a dack-box — that is, a box which either con- 
tains the valves on their diaphragms inclined at an angle 
towards the front, or else on the top of a suction-box ob«* 
separately and bolted up from below. Then there is a dp 



208 



PATTEBV-ICAKING. 



way, dotted at e, e^ e, cast in front of each valve aperture, so 
that any temporary defect in either of the clack-valves may 
be seen and remedied without removing the barrels or taking 
the structure all to pieces. Where this is the case these 
holes will not require to have prints upon the pattern. If 
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Fig. 299. 



there is a branch in the bottom for the suction it will be 
studded on loosely, and its flange — ^unjointed — ^will be slipped 
loosely over the print. If upon the side, <?, the branch will 
be fast, and the flange either slid loosely over, as in the first 
case, or parted in two, the top half being left loose. 

The core-box is usually made in several pieces (Fig. 299). 
The two blocks, a, a^ dowelled, are cut to form the inside of 
the shell. If holes are cored for doorways, as supposed above, 
(?, (?, Cy they are cut in the side of one of the blocks— the thick- 
ness of that block being gauged to represent the metal-thick- 
ness. A bottom board, J, is dowelled on, and a top board also, <?, 
the latter in halves, and dowelled, and being equal in thick- 
ness to the thickness of the top flange together with its 
facings and prints. Holes are cut in the latter piece of the 
same shape and size as the prints. 

The delivery-box (Fig. 300) is not very different from the 
suction. In this, also, one or both flanges wiU be loose ; 
facings to^'receive the barrel ends, «, a^ «, and prints, J, 3, ^, for 
their apertures will be fastened on. There will be a delivery 
branch somewhere or other, in which the same conditions of 
moidding will obtain as in the one for the suction-box, and 
probably a facing, c, for the air-vessel. The core-box (Fig. 
301) will be constructed similarly, in regard to joints, 
apertures, and so forth ; but the hole for the air-vessel, ei^, will 
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The core for tlie delivery branch. | 
re-box, but ae a sejiai 
a ita print aud merely abut against tJiB | 



cut through the top piece. 
will not be made i 
piece, and it will rei 

Jointing the patterns in the way described means using a 
three-parted box in the foundi'j, with its two sand joints. 
But in most cases there is no objection to jointing through the 
centres of the prints, as indicated by the dotted line, aud J 
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making the flanges in the plan (Fig. 300) fast. Then the 
core-box, also, may be jointed in the same fashion, and its . 






sides screwed fast to its body portion. See Fig. 302, which 
shows the parts of one-half the box made in this fashion, ready 
to go together. 

The barrel (Fig. 303) is turned as a cylinder pattern would i 
be, from solid stim if of small bore, or lagged up if large — . J 
in each case jointed and dowelled, and having prints, a, a, at J 
the ends. Where an aperture and door are made at the front 1 
of the lo^er end, as is done when the valves rest upon the top 
of a suction-box, the square portion of the D-shaped block is 
either worked from the solid or else as a separate piece 
wood, and fitted over the main body. The core in that c 
is struck up by a board and shouldered down as shown at Fig. I 
304 to receive the D-shaped core, which is threaded on as the j 
square base of our column was threaded on the round ahaftj 
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ooro (Clittp. XVin., p. 1 22). Or tho main core ia struck to its 
fiill diameter, and a saddle piece made ivcim a box of the 
section of Yig. 'i05 is fitted against it (Fig. 30G). 




The bucket is made as shown in Fig. 307. The piston is 
turned from the solid, and the arch bujlt up in about three 
thickneasea of small segments. The arch is fitted to the 
bucket itself by loose tenons or dowels. The water aperture 




is better cored than cut out, the pattern being printed on the 
bottom, and its eore-box (Fig. 308) being made in halves. 
The three lugs, a, a, a, in the bottom of the bucket are for 
the attachment of the cup-leather guard, shown at Fig. 309, 
which last is turned and worked from a bit of sohd mahog- 
any. 

Air-vessels are cored out, the core being struck up. A core- 
box is only made when several similar castings are required. 
Freqaently for large castings a loaia pattern ia used for the 



rcstpa, COCKS, axd valves. 



an. 



body itself. The common form is the dome shape shown in 
Fig. 310, the pattern being Jointed to mould sideways, and 
except at the print end the core rests upon chaplets. 

The last of a series of suction-pipes ia furnished with a 
strainer (Fig. 311) at the bottom, to prevent the entrance of 
any foreign obstructions mth the feed-water, which would 
chote the pump. These pipes are constructed similarly to the 
air-vessel, but no provision ia made in the pattern for tie 
strainer holes. These, numbering several scores in a strainer 
of moderate size, are made in a peculiar way. The core-box 
is like Fig SV2, its thickness being equal to the thickness of ^ 
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metal in the strainer bulb, and the holes have a large amount 
of taper. After being cut with a gouge they are burnt 
smoolJily with a taper iron, its taper corresponding with the 
taper of the holes. The cores are then rammed up, each with 
a commoa cut brad standing point upwards from its centre 
(Pig. 313), Whoa dried, the cores are stuok around the 
mould, approximately equidistant, by means of the brad 
points thrust into the sand. The main core is then laid in, 
and rests upon these cores, so that chaplets are not requisite. 
Sluice-cocks comprise shell, cover, plug, and ecrew parts. 
The shell and the plug only need be mentioned. The shell 
(Fig. 314) may either have flanged or socketed branches — the 
latter being the more convenient for jointing up. The way 
of jointing the pattern is not affected, whichever form of 
branch we make, I have made these with the sockets up 
and down, and of course left loose (indicated by the dotted 
lines in the elevation) ; but this involves putting ia the core 
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in three portions — first, that for the bottom socket ; secondly, 
the body ; lastly, the top socket — and is therefore not to be 
reconunended. The cheaper way is to Joint through the centre 
of sockets and body as shown in the end nev, and bo mould 
the cook edgeways. Then tlie core is made all in one, as 
represented in the plan of tbe open box, and time la saved 
both in pattern -shop and foucdry. 

In small cocks the brass facings are cast in a piece with the 
shells. The facings being cast first in brazing metal ■with, 
projecting nipples (Fig. 315), are turned bright and laid la 
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the core. The molten iron meet- 
j these, partially fuses the 
trass and makes a close joint 
with it. But in larger ones 
■watertight joints cannot be se- 
cured by casting in, so ^ 
they are of necessity ^i-. 
turned to fit the turned |^^ 
shell and pulled in close ^^M^ 
■with screw pressure, t^^* 
"When they are cast in, ^'^- ^"'' 
COr'e'' b'o'x *^^ proportion of copper must 

3„ 1>6 large, since common brass or 

gunmetat would melt at the tem- 
perature of molten iron. Frona 4 inches to 6 inches in diameter 
is about the limit at ■which a perfect amalgamation of the 
metals at the joint can be relied on. 

By making the pattern as we have indicated there are no 
loose pieces required. In the core-box the only loose pieces 
are the circular facings which carry the brass rings, and also 
in large cocks the internal strengthening ribs, a. The guide- 
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strips for the plug, h,'b, are faatened in the top and bottom of 
the halves of the bos. 

The plug pattern (Fig. 316) is made from the aolid, and ia 
turned without, and recessed down on each aide to the oentralj 
web, a. On this web bosa 
pieces, i, are fitted, to give the 
metal round the centralhole, c, 
which ia large enough to 
allow of clearance for the 
Borew- A block for the nut, d, 
a print, c, at the bottom end of 
the Bame size as the central 
hole, and a xoupla of guide 
strips, e, e, skewered on, com- 
plete the pattern. The re- 
marks made in reference to 
the facings in the shell apply 
to those on the plug. Tho c 
a reeeBH cut in it similar to tho recesa cut 
a lathe to carry the screw-nut. 

The nut (Fig. 317), made of bra^s, ia, instead of being 
screwed in tho lathe, commonly cast upon the thread of a 
duplicate of the screw itself, three 
or four such being cast upon one 
thread at a time. The screw 
Testa in a bod made in the sand 
by a long pocket print shown in 
Fig. 317, a, a, a, a, which print is 
of course " stopped over" against the face of each nut. 

Force-pumps, unlesa when very small, are seldom made frc 
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Bolid stuff, because of the liability of the timber to curve and 
twist. Fig. 318 shows such a pump, in which the turned 
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portions are eacli made separately, and screwed to the 
rectangular part, a. One lialf the core-toi ie shown at Fig. 
319, and the stuff of whioh it is composed is prevented from 
curving by batteiiB screwed, upon the back. 

In working a core-box of this kind it is not necessary to 
T. ., make templets for each separate 

. \" • . . , - ' , radina. A set-square fumiehes a 
convenient and certain means of 
checking the accuracy of a semi- 
circle, arnce, if the edges touch, the 
opposite sides of the diameter 'while 
the corner is in contact eucoessively 
Hj. sa). -vn.^ every intermediate portion, 

the conditiona of a true semicircle are fulfilled (Fig. 820). 

In making gland and bib cocks, and aimilar articles, it Is 
better, unless they are exceptionally large, to cut them out of 
tbo solid, and this remark applies to the generahty of small 
brasBwork. Of course the parts which are spherical can be 
turned, even though they occur in different axes, by re- 
chucking, and the portions intermediate worked by gouge 
and chisel. Moreover, Jointing is not commonly resorted to 
in these pattema. Tbe regular makers seldom joint atnall 
work at all, but use bottom boards, and also use metal 
patterns largely. In places where these things aro a 
apeciality, there will be aa many as a dozen, or twenty or 
tiiirty, of such separate and distinct metal patterns, usually of 
brass, iu a single box. It is marvellous to note the rapidity 
with which the workmen will lift the patterns out one after 
another with their fingers, without disturbing or biealdng 
down the sand in the process. But it ia essential that the 
metal patterns be got up well, and that the core-boxes — also 
of metal — be well jointed. 

It is not customary to mark out both halves of a core-box 
with compasses and square. One-half only is usually marked 
first and worked. Its face is then either chalked over or 
smeared with red lead, and the unmarked half pressed closely 
against it and tapped with a hammer, when the lines of the 
bounding edges wUl be transferred by the chalk or red lead 
to the ojipoeite face. Or where easily got at, a bent soriber 
ia brought into requisition, and being carried round the edges, 
marks the lines on the opposite half. 

The pattern for a common globe-valve (Fig. 321) might be 
jointed in the plane of the figure (vertical section), and be 
either worked out of a solid piece, if of small dimensions, or, 
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if large, the globular part would be turned, together with the 

inlet and outlet ends and their prints — ^the branch for the 

screw-gland being turned separately and fitted on. Or the 

pattern might be jointed at 

right- angles-to the plane of 

Fig. 321 — ^that is vertically, 

line A, B — and the branch be 

moulded downwards; and 

this I consider the better 

way, as more convenient for 

laying in the cores. A small .^^pj^^ 

valve has usually nut- ^^ 

shaped hexagonal ends as 

figured, and is screwed 

within with gas-taps for the 

attachment of the piping. 

But large valves often have 

flange attachments, both at 

the ends and on the top, 

and in the latter case the top flange will be left loose if the 

branch is moulded downwards. The core for a large cock 

is not made in one, but in two pieces. The cores are 
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Fig. 322. 

made from two separate boxes, and fastened together with 
claywash before being put into the mould. Looking at Fig. 
321, A is one core and b is the other, and they are connected 
together by the print c, shown dotted in lie figure. In 
setting to work, just dismiss core b from the mind for 
awhile, and start about making a box for a. Three views 
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of the box are given (Fig. 322), a showing its appearance 
viewed from its outer end; b, in sectional plan, looking 

on the face of the core-box joint 
and downwards ; o, a sectional ele- 
vation cut longitudinally through 
the box. Clearly the box parting at 
the joint, j, allows perfect freedom 
of delivery for the semicircular 
portion, D (Fig. 822), and also for 
the branch part, e, and the print, c 
will leave a recess in the core, by which core b may be set 
true. Now make a box for core b, jointed at j, which is 
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(Fig. 323) a longitudinal section. It is shown in plan in the 
joint, looking downwards, at Fig. 324, also looking upwards 
in Fig. 325. Evidently now the stud, c, formed in this core 

will drop into the print in core a, 
and the two cores together will in 
section be like Fig. 326, which is 
exactly what we re- 
quire. This is the 
way adopted in mak- 
ing cocks of moderate 
and large dimensions. ^ „^ 
^•«2«- ^ In very small cocks, ^•'^• 

however, say of 1 inch or thereabouts, it is often deemed not 
worth the while to round the metal outside the valve-seat, 
and then one core-box suffices. Its plan would be like Fig, 
327, and its section, of course, as before ; and the joint of the 
box would show like the vertical section of Fig. 321 








CHAPTEE XXX. 
WATEK-WHEELS ASD TURBINES. 

Water- wheelj.— Their Bosses. —For Flat AmiB.— For Eonad JLoda.— 
Shrouding. — Toothed King-.— Building it up. — Jlarking out. — 'Hio 
Teeth. — Tutbinea. — Core-hox foi Buckets. — iloda at ^jimiiig the 
Shrouding.— Core-boi for Guide. — The Diics.— Greensand and Ixwin 
Moulds. — Turbine Stopa. — Lignnm Vitaa Stripe.— Direotiona for 
fitting in. — Govemot-ring. 

Wateb-veeels do not come within tlie ran^ of the pattern- 
maker's work to the same extent that they formerly did. For, 
in addition to the fact that the amaller and more economical 
turbines are largely taking the place of the more cumbrous 
and extrav^aat water- wheela, there is also the ciroumstance 
that east iron enters but slightly into their construction. But 
the fact that there is some cast iron about them, and that the 
country workman is not unfrequenUy called upon eithw to 
construct or to repair an ex- 
isting wheel, justifies some i 
slight allusion to the prin- 
cipal parts. 

In the first place, then, 
the structure of the central 
bosses will vary according as 
the power is taken from the 
centre or from the circum- 
ference of the wheel. If it 
be taken from the centre the ^ 
torsional strain is great, and 
stout wrought or cast iron 
arms will be used. Then 
the boss will have recessed 
pockets (Fig. 328) to receive the ends of the arms, and the 
pattern, but for the central print, will be exactly like the 
casting. The bits, a, a, a, are chipping strips to allow of 
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uccorate fitting of tKe arms without chipping the edges of ths 
recesses along the entire length. But when the power is taken ' 
from the circumference there is very little leverage, and round 
wrought bars sen'e both as a.rma and struts. Then the cen- 
tral bosses take the form 
* of Fig. 329, having arm 
and strut bosses and 
cottar ways, a, a, for the 
attachment of the rods. 
In mating this pat- 
tern a plain plate is 
turned, of the correct 
diameter, and with, a 
strengthening rib built 
up at the circumference. 
- B The central bosses being 
^^ turned and screwed on, 

"*■""■ the long bosses for the 

arms are abutted against them. These are turned as indicated 
in section, Fig. 33(i. a represents a middle strip planed to 
the some tliickness as the plate itself ; b, b represent the 
^^ actual boss pieces laid against each side of this 
j^^^ strip, and held temporarily with screws, as when 
^^^ jointing pattern stufi Jn halves {p. 160), The three 
^^*^ are thus turned together, and the middle piece being 
^■^0. removed, the boss pieces are ready to screw in 
their places and form a circular section witJi the plate itself. 
The pieces marked h, b, i'ig. 329, are mere strengthening 
ribs fastened upon these bosses exactly as required in the 
casting. 

On the periphery long pocket prints are fastened, Fig. 331, 
and on every boss a cottar way print, b. The two prints carry 





the arm core with its cottar ways, made from a bos, oae-half 
of which is shown laid open in Fig. 332. 

The bosses, c, e, c, c, Fig. 329, are for the strutting arms, 
and these are best turned from the solid, and sawn all alike 
to a, bevel. On these also pocket prints, Fig. 333, a, and cottar 
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wayprintB, 6, are fastened, for whioh a short core-box similail 
to ike last will be made. I 

The shrouding of a ■wheel (Fig, 834) will also vary with I 
the eonditione under which the power is taken off. Bound I 
rods will require cottared boases, and ^ 
theBewillbemadeand cored similarly ^ 
to those juat described on the central i^ Enlaced 
boaa. Flat arms will require recesses ^EM? ga Fig 
like those on Fig. 334, *. ^ ^m 

When making the ehrouding plate CP'^''' 
it ia desirable, where the wheel is large '** 

and the number of segment pieces considerable, fo make tWl 
pattern plate of east iron, or, better atUI, of apiece of thin 1 
iVTOUght-iron plate, and to screw upon this the curved J 




flanges, a, a, either continuoua, as shown in the figure, or 
disjointed, for the attachment of the buckets, and the inner 
flange, h, for the attachment of the sole-plate. 

Where a ring of teeth is bolted round the shroudiBg, much 
care is necessary in the preparation of the pattern. Without 
due care the segment castings may come out long or short ; 
they may be atwist, their ends may not be radial, and their 
teeth may not be square — for a]l of which errors the pattern- 
maker will he held responsible. 

The correct length of the segments is obtained by caloa- 
Iftting the length of a chord of the circle* if the wheel bft] 

■ The diord is obtained tlius. Find tlio Imlf sngle of tlie 
included ipaco betweecii the radii. Get the sine nf that 
angle' from a table of natural sines, multiplj' the radini by ~/~'^^30* ' 
the Bice. The product doubled giveB the required length / 
of the chord. Thtu, let it be required to know the length ^L 
of the chord i. n, fig. 365, x b bemg tbe twelfth ol a circle 
whose diameter ia IS feet, Tho angle at c D is 30°, one-half 
of which is 16°. The sine of IS" is -26881. The radius is 8 feat. Then 
1 X B X 2 = iB = i'l'er. 



Fig. 3G8. 
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laive, or by striking out a. portion of the entire rin^, &a; i or }. 
if me wheel be Email, and giving the segment its proportional 
pint of the arc thus struck out. We allow for fitting on 
the enda of tbe aegmeuts, which with all due eare may 
vaiy I or 1 inch in length in the castings. The allowance is 
made for chipping by means of narrow strips {''chipping 
strips ") about J inch or I inch wide, and they are made tliicfc 
enough to allow for all possible variation in the casting, say 
t iu^ in this case at each end, and of this amount at least 
i inch is allowed at each end over and above the finished 
length of casting, to be taken oS by chipping. And as the 
shrouding plates ore not likely to be true, and the segcaent 
may become rammed winding', we also put chipping strips on 
tbe bottom face of the segment, giving a sinulor allowance 
there for fitting. 

This ring may be either internal or external, according as 
the teeth are on its inner or outer curve ; but in either case 
the pattern is made as follows : — 

Having struck out tbe segment in plan (Fig. 336) to gett] 




3 truly radial and the teeth of the correct shape, and m 
section also (Fig. ^36), we prepare segments for the purpose of 
building up the sweep. The plate of the segment (Fig. 336, o) 
can be made either in one piece or in two or three 
sets of sweeps, the latter being, of 
^ course, the better method of the two. 
The thin portion, or the rim, will be 
■^-A-i made in segments, ceasing at b, just end view | 
SECTION ^-here the hollow, c, commences. The Fis- 337. 
rig. 336. thickness which fonns the hollow, e, will be cut 
out separately — then these three parts, the plate, the rim, the 
hollow — each distinct and separate, but gauged to thickness, 
will be screwed together temporarily in the rough. The seg- 
ment, though rough externally and internally, is at this stage 
complete in its thickness and ready to receive the lines. 

Strike the line* on one aide for that curve of the ring on 
• When etriMng large radii a trauraid-rod is apt to spring and csuaa a, 
vavy line. la such cftsoa it is baLter to screw a, couple of straigMed 
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which the teeth are to be fastened, and mark the ends radially I 
from, the centre of the curve so etruck. Eemove to the vice ] 
and plane these ends square with the parallel planed top and 
bottom faces. Then laying the segment on its face upon a 
true bench or drawing-board, square over with set square the 
curred line just struck on to the opposite side, and mark the 
Bweep again on that side also. Work this sweep from one 
side to the other, roughing with, gouge and finishing with 
planes. "We Lave thus a true curve for the attachment of our 
teeth, at right-angles with the base of the segment. Now, 
taking out our temporary screws, we can gauge each of the 
separate portions of the segment, the plate (Fig. 336, a), the 
rim, b, and the hollow, c, and work them separately — returning 
them into position and gluing and screwing permanently 
when done. We ehall work the teeth in a box (Chap. H., 
p. 22), and glue and brad on. The segment ends. A, A, 
Figs. 335, 337, will be fitted into the angle formed by the 
plate and the rim, and their chipping strips, d, d, fastened on, 
excepting the one in the bottom, which will be skewered. 
Holes in the ends for bolting the sweeps together will be 
taken out with pocket prints. 

Turbines (Fig. 338) are not yet so extensively come into 
use in England as in Continental countries. They vary much 
in design, but differ essentially from water-wheels in that 
the axis is vertical, and the turbine therefore revolves in a 
plane parallel with the horizon. The principal type is that 
which consists of an imier ring of guides, a, a, and an outer 
ring of buckets, b, b, usually in two or three vertical tiers con- 
nected with shrouding, o, J, c, d. Turbines being very small in 
comparison with water-wheela, both the buckets and their 
shroudings are formed in one ca,8ting, the guides and their 
Bhroudings being also formed in the same way. Now if we look 
attentively at our ring of buckets (Fig. 338, plan e), we shall 

together lika Fir;. 3S4, and slide tham around two fiied pinB est in tho 
couTfie of ths circle at Uie extremities of the chord, and 'with a scribsr 
held against the npe:; deacribe the cirule. The condition is that the 
height tif the triangle menaurod from 
the chord shall be equal to the versod 
sine of its circle, which veraed trine is 
obtained thus : 

V = R — VK'— 0' 
In which R :^ radius p,v 

C :=: aenuchord. 
I prefer this to the methods of intersecting linea giv 
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eeb that the laboTir of TnnHiig r pattern ironid be immense. 
To cot the Hhroadings and all the Dookets vonld be a nmnd- 
about task. Bat the buckets being all alike, cores snffioi«nt 




Fig. 338. 

for an entire course of bucketa can be made from one core- 
box (Fig- 339) ; and if there are two or tbree courses, we need 
but two or three core-boxes, in which core-boxes the shroud- 
ing can*d80 be made. Considering again for a moment, we 
see that not only will no pattern be necessary, but that no 
prints for these cores will be wanted, for if the cores be made 
to fit one another closely without and within the circle of the 
buckets, they will close up the mould (Fig. 340). Then all 



'WATE^ WHEELS AND TUBSUTES. 



228 



ve need do is to strike two circles corresponding vdth. the 
inside and outside ends of the cores, o andn, upon a sand-bed, 
and to set the cores by these lines. Hav- 
ing thus cleared the way, let us go into 
detaiL 

Fig, 341 illustrates the way in which 
the core-box is made. Conatnict a plain 
rectang^ular core-box, as indicated by 
the outer lines. Into this fit sundiy J) M 
blocks, a, a, a, a, to part at b, b. Make a 
templet of the core in tTii" wood, and 
laying it on one side of these blocks, 
scribe round its edges upon the box face. 
Open the box, square down in the joint, place together again 
and scribe off from the templet on to the other aide. The box 
may then be pared and planed through. We might make the 
box of the entire depth of flie three rows of buckets with their 




rig, uo 




shrouding, but that would cause inconvenience, since the in- 
termediate shrouding, or rather plating, would be formed 
through the heart of the core, and being only j- inch or f inch 
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thick, there wonld be no chance to get at it for the pTirpose of 
cleimiii^ up or blacking ; bo -we prefer to make as many core- 
boxes as there are rows of buckets, a, b, c. 

Then for the shrouding we get out sweeped pieces (Fig. 
■142), correBpocding in section with the shrouding and plating, 
and having markea carefully their concentric positions on the 
faces of the boxes we cut out recesses, e, c, e, e (Pig. 341), ob 
those faces for their rccoption. Hence, when a core is made, 
Bay core a, it presents the appearance of Fig. 343, When the 
thxeo rows of corea are made and put together we get two 
ahroude, two plates, and s metal space between contiguous 
cores. The cores being artan.ged in a circle, sand is rammed 
around them to afford auppoi-t, and a loam top covers the 




whole. The metal then flows between the cores to form the 
curved partitions between the buckets, and through the cores 
to form shrouding and plating, while at the outer and inner 
terminations of the buckets its flow is arrested by the abutting 
ends of the cores. 

The same method is adopted for making the ring of guides, 
in which the core-box wiJl be shaped like Fig. 344. The 
cylindrical seating for the governor, with its flange for bolting 
to the inlet pipe (Fig. 338, o, c), is shown oast in a piece with 
the guides, and for this two boards, shaped respectively like 
the Figs. 345, will be made, the seating being cast uppermost. 
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The dished plates (Fig. 338, d, e), to which the bueketa a: 
guides axe respectively bolted, woidd be made from patterns 
small, but struck up if largo. Either greensand or loam may 
be used in the latter case. If greensand, the boards will be 
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cut as in Fig. 346 ; U loam, like Figa. 347, 348 — the differ- J 
encB between, the two teiug as follows : In a struek-up green- j 
Band mould the top board cut to the dotted line, a, a, a, a, in the ' 
Fig. 346, strikes a bed of hard rammed sand, which, being 
sprinkled with parting sand and covered with a top box has 
a reverse Band mould rammed upon it, a thing easily and con- 
stantly beittg done, since the lower sand is rammed sulfieiently 




hard to resist the thrust of the hand-rammer. This being. I 
lifted away, the board cut to the full line, b, i, b, 6, strikes out 
the thickaesB of metal to the bottom edge. The top boK thon 
closes this bottom mould for casting.* The disadvantage of 
this method is, that square edges — that is, edges of sand 
standing approximately vertical — cannot be lifted in green- 
sand without becoming torn away and broken down, so that 
mending up with sweeps becomes necessary. "Where this I 
occurs the best way is to make the board to atriko the edge at 1 




an angle from which the sand will lift without fracture, i 
the top box on that, and then make the edge in the top square 
with a sweep. We then have an unbroken lower edge by which 
to guide the mending-up sweep (Fig. 349). The advantage of 
adopting a greensand mould is, that the time occupied in 
bricking up and drying are both saved — items of bo much 
importance that a loam mould -which would occupy perhups 
four days in making could be done within a day in greeu- 
• For another eiample of a struck-up greenaand mould see Chap. ^1 J 
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.wnd. There is of conne a lai^ class of foundry Toric 
which must be done in loam ; but where the option liee 
between the two, the difference in cost will induce us in Bucb 
cases to decide in favour of greenaand. 

A comparison of the figures illustrates tlie difference in 
method, fur in the loam mould the boards strike the actual 
opposite faces in both top and bottom,* while in the greensand 
the bottom face only is directly struck. When the moulds are 
dosed, the checks, a, a, insure their concentricity. 

The guide-ring plate, e, carries the step bearing of the tur- 
bine shaft (Fig. 338, r), and the step of a turbine is lined with 
strips of lignum vitro (Fig. 350), which, with the water for a 
lubricant, answers better than metal. These strips are driven 
^rr TiOM A B tightly into grooTes, a, a, a, 

SECTION A B ^j. j^ jj^^ j^^ ^pjg_ ggj^ 

These recesses, if cut out in 
the pattern, are so deep, and 
the spaces between them so 
slight that the^ would not 
deuver from the sand. Hence 
we core them out, as indeed 
we should do in the case of 
any other recesses or pockets 
where accuracy is required. 
B But neither could we put 
prints around the inside of 
the boss, since the tTiin sand 
between their edges would 
Tie-m. not hold together. So the 

correct way is to put a round print upon the centre of the 
boss just as though there were nothing but a perfectly plain 
core wanted. Then we make a core-tox for the recesses, dis- 
tinct from the main central core, of course with no print allow- 
ance, and the sides of this should have a shade of taper from 
the upper cad, so that the strips shall have a tendency to 
tighten as they are driven down. When the cores are dry the 
pattern-maker marks off aa many equal divisions on the 
central core aa there are to be recesses in the casting, and 
nails the recess cores upon the central one (Fig. 351), which 
is then ready to be dropped bodily into the mould. 

The pattern-maker is also expected to fill in the lignum 
vitte blocks, and this should be effected with as little waste of 

* See eieo Chap. X. 
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stuff as possible. The best plan is to cut the stick down with 
a circular or frame-saw to the thickness required, and then, 
haying fitted a templet strip into the casting and made the 
necessary allowances for turning and facing, to mark out the 
thicknessed stuff from that. Once sawn out, the pieces should 
be kept in a cool place or in water while being worked up, as 
lignum vitee is particularly liable to shake in the joints of the 
annular rings. When driving in, care should be taken not to 
strike on the shoulder {a, Fig. 350), or it will infallibly split 
off. When aU are driven in, the step will go into a lathe 
having a slide-rest, to be bored and faced. 

The governor-guide (Fig. 338, a, a), is either cast in a piece 
with the arms or bolted to them afterwards, the latter plan 
being preferable. A. small guide would be cored out with 
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segmental cores, a large one struck in loam, for which the 
boards wiU be like Fig. 352. The arms (Fig.. 338, h, h) 
are planed up oval-shaped and mortised into the central boss 
(Fig. 353), and have their flanges screwed on, everything 
being fast, and the moulder joints down to the centre of the 
oval section. 



CHAPTER XXXI. 

BOILER FITTINGS AND MOUNTINGS. 

Dead-plate.— Marking and FiUinflf. — Fire-bar. — Allowance for Play. — 
Bearer. — Door Frame. — Building up of the Pattern. — Door. — Valve 
Beatings. — Safety-valve Shell. — Valves. — Sweeped Fire-bars. — ^Mud- 
hole Door Frames. — Man-hole Frames. 

Lancashire and Cornish boilers are fired internally, the latter 
being constructed with a single furnace tube, the former with 
two, and with cross-tubes besides passing through the fur- 
nace. The pattern-maker has to prepare dead-plate, fire-bars, 
furnace front and door, seatings and valves, and other attach- 
ments. Some of these have to be fitted to the boiler, and a 
few general hints relative to these matters may very properly 
be borne in mind. 

The dead-plate (Fig. 356) is that portion of the fire-grate sur- 
face lying just within the front end of the boiler, and it ranges 
from 9 inches to 15 inches or 18 inches in width, according 

to the capacity of the boiler. It slopes 
oj Qj Q/ downwards and backwards, and either 
rests upon angle iron brackets fastened 
to the sides of the fire-box, or simply 
against the boiler sides. In order to fit 
it correctly, the workman marks its posi- 
tion at the boiler front, and also the 
amoimt of drop or slope which the fib:e- 
Fig. 866. ])arg make where they abut against the 

bridge (about 1 in 10), and straining a chalk line between 
these points, strikes the line of slope on each side of the fire- 
box. To these lines the dead-plate pattern is fitted, and a few 
chipping strips, a, <?, sufficiently thick to compensate for the 
contraction which the plate will undergo, and to allow of a 
little fitting besides, are fastened upon tiie ends. At its front 
end the plate either abuts against or rests upon a flange upon 
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the fire-door frame, and at tlie back it is recessed, h, to receive 
the ends of the fire-bars. 

The fire-bar is a simple pattern of the annexed shape, 
Fig. 357. It is tapered in section to allow the ashes to fall 
freely downwards, while the upper portion is left parallel to 




Tig. 357. 

keep the air-space parallel and equal during the burning down 
of the bars. The central thickness pieces, a^ <?, are put there to 
prevent the twisting of the bar sideways. Bars like this, when 
made in quantity, are usually made from iron patterns, which 
are moulded by simply bedding in. Fire-bars should never 
be made a tight fit, as they expand permanently with the heat, 
but a play of about 1 in 24 should be given at the ends. The 
cast-iron bearers for the bridge and for the fire-bars are made 
of an L or T section, and are fitted similarly to tte dead-plate. 
Fig. 358. 

A fire-door frame is shown in plan, and in section in Fig. 
359. The plate, a, is framed together with segmental pieces 
and half -lap joints, preferably to cutting it from a single piece 
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Fig. 368. 



Fig. 359. 



of stuff, since the taking out of the central portion would leave 
short grain at the sides. The hooded portion, b, is glued up 
with thin segments, cut through with gouge and chisel and 
screwed upon the plate. The Sent, o, is halved together with 
half -lap joints, and screwed to the face edge of the hood. A 
narrow chipping strip, d, is rim round in segments on the face 
which bolts to the boiler, of sufficient depth to clear the rivet 
heads, and a thin facing is bradded to that portion upon which 
the door folds. Lugs, e, e, e for attachment, and, a lug, v, on 
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which the door hinges, cored out with pocket prints for the 
hinffe pin, completes the pattern. 
The pattern of the door (Fig. 360) consists of a thin plato, 

having a couple of hinge lugs and a thin 
facing on the front for chipping. Provision 
will often be made for draught by a revolying 
ventilator or a sliding grid, the holes for 
which are cored out. 11 the fire-hole open- 
ing is wide, a double door is used in prefer- 
ence to a single one. 

Beatings for the valves and cocks are made in cast iron, and 
riveted to the boiler. Fig. 361 shows the pattern of a seating 
of tliis kind. It consists simply of a curved flange, a, 
and boss, b, having T-headed recesses cast in. The 
flange may either be fitted to the boiler direct, or a 
thin templet of wood may be cut to the curve of its 
diameter, and the pattern worked with a templet 
cut the reverse of this. The flange itself is made 
distinct from the boss part, and the two screwed 
together afterwards. The stuff for the flange being 
planed to a parallel thickness, the hollow face should 
be planed first, and the rounding side gauged and 
cut with a chisel afterwards, remembering that the 
rounding of the flange should blend into a hollow 
around the flat face on which the boss is to be 
secured. On this boss, plain, square prints will be 
Fig. 862. nailed, and a core-box shaped like Fig. 362 will 
take out the T-headed recesses. 

The shell of a safety-valve consists of a plain, double-flange 
pipe, with or without a branch for the steam-pipe, depending 
upon whether the steam is taken from the valve or no. Or, if 
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there be two valves, as in large boilers, it consists of a double 
bend pipe (Fig. 363), a core-box (Fig. 364) being necessary 
with the latter. The valres may be flat disc (Fig. 365), 
maintained in position with guides attached to the seating 
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(Fig. 366), or mitre, with three or four -wings {Fig. 367), 
having: either a top pin, a, or a recess to produce unstable 
equilibrium, and prevent the tendency to etickiiig (Fig. 368), 
The patterns of these valvea are all made lite their castingaj 




the wiugB being cut separately from the discs and studded o 
either fast or loose. Mahogany should be used, and thej 
mould juat as they stand when in natural position. 

Vertical boilers, for steam cranes and small stationary en- 
gines, have fire-bars of a sweeped outKne (Fig, 369). These ' 
are sometimes cut out of solid mahogany ; but the best way 
is to build up the rim, a, in eegmenta, and, having cut that to 
shape, to fit the bars, J, already planed to their thicfcness, into 
very shallow grooves, about ^ inch deep,cut in the rim. The 
connecting strips, c, are glued in afterwards. These bars rest 
upon a ring of wrought iron set in the interior of the fire-box. 
Mud-hole doors are fitted opposite to every cross tube and 
at the bottom of the boiler. These are plain oval castings, 
held in place with a tightening screw. 
When the boiler is cleaded, as these 
vertical bailers often are, the cleading is 
screwed to a casting made to encircle the 
hole. These are of the annexed shape 
(Fig. 370), and being extremely thin, are 
either made from metal patterns or are 
) cored out. The man-hole in a cleaded 
boiler has a frame also precisely similar 
(Fig. 371), but, of course, proportionally 
■ larger. For this a wood pattern is built 

^' ""' up in segments, and the flat flange which 

takes the cleading being thin, is curved round and fastened 
to the built-up portion. But a metal pattern is necessary for 
durability, and it is cast in iron if for frequent use, or in lead 
if used for different boilers having different diameters, and* 
therefore requiring some alteration of curvature. 




CHAPTEE XXXTL 

WORKSHOP NOTES. 

Allowances for Turning and Planing. — Variable in Amount. — Name- 
plates. — Lead Letters. — Curved Name Plates. — Chequering of Foot- 
plates. — Stock Core-boxes. — Glue. — How to make. — How to Joint. 
— shellac Varnish. — Paint. — Faced and Unfaced Portions of Pat- 
terns. — Prints and Bosses. — Pattern Eegister. — Makeshift Work. — 
Lead. — Plaster of Paris. — Shop Tools. — Stamping of Patterns. 

The miscellaneous character of the contents of this chapter 
will render desirable the classification of the subjects under 
their appropriate headingpa. 

Allowances for Turning and Planing. — The usual 
practice is to allow i inch on iron castings for machining. 
This allows of two cuts being taken in the lathe or on the 
planing machine — a coarse first cut and a fine one for fijiishing. 
For brass castings one-half only of this allowance is given, 
iV inch. But this, though a general rule, is by no means to be 
universally observed. In a long casting, where there is a 
probability that it will not remain straight in cooling, more 
than the i inch must be allowed, the precise quantity being 
regulated by the risk and imcertainty present as to the amount 
by which it is likely to buckle. In some long, disproportioned 
castings, the allowance may be as much as f inch. Again, in a 
small engine cylinder, J inch in the diameter is ample, but in a 
cylinder of 6 feet or 7 feet in diameter that would not be enough 
for safety, owing to the possible inaccuracy of the core and 
the uncertainty about contraction, and we should allow from 
f inch to i inch in diameter. 

Then, on the other hand, a small piece of work need not 
have so much as the usual allowance, because, the surface 
being small, will only be affected by its local roughness and 
slight inequalities, instead of by some other portion of the 
surface two or three feet distant being possibly not in the 
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same plane with itself. Neither ie a small casting affected by 
contraction as a large one is ; iiractically, it does not contract 
at all, since the rapping counteracts or more than counteracts 
its small amount. 

Again, in set work — that is, work which is repeated over and 
over again without any variation — we get to know the amount 
of contraction so exactly, and the least allowance necessary 
for fitting BO perfectly, that we can do with lass allowance 
than it would be safe to allow for in a first casting. We then 
reduce it to the minimum, so that expense may be lessened in 
the turning and fitting shops. 

ITajue-plates. — These are attached to all work leavingtho 
shops. They are cast in iron or in brass. The letters put upon 
the pattern are first cast in lead or tin, what are called " block 
letters " being preferable, because easier to prepare, and not 
difftcult to mend up if they tear t he mould. They have a large 
amount of taper [on their edges, and are fastened upon a 
wooden plate, which ia usually surrounded with a narrow 
fillet-fitrip to improve its appearance. The letters are east 
from metal patterns purchased for that purpose, and sold in 
many different sizes. The pattern-maker, in that case, has to 
file them up smoothly for moulding. Or thoy may be pur- 
chased by the gross already filed and ready for use. Common 
shellac varnish, especially if thickened with a Kttle powdered 
chalk, will hold them very firmly ; but, if for permanent use, 
small upholsterer's gimp pins, or pins still sm^er but of the 
same shape, sold for the purpose by the letter-makers, will , 
render them more secure. Larger lead letters, however, Bay ^ 
from 2 inches upwards, will be screwed on the plate. i 

If a name-plate has to fit a curved or crooked casting it 
will be made straight in wood first, then cast in lead and | 
bent to shape, and the mould made from the lead pattern. 
It will be as well to make a bottom board of the same shape 
to support the lead pattern during the ramming up. Or the j 
pattern will be made straight, cast in yellow metal or soft I 
brass, and bent then to the curve direct. Sometimes the i 
maker's name, instead of being bolted to, is cast in a piece 
with the work, the letters being put upon the pattern if cast 
in a vertical position. But if on the side where they would 
not deliver, the name-plate is put into a core-box, and the 
core dropped into a print impression made for its reception. 

Ctieqa«riiig. — The chequering of cast-iron foot-plates for 
boiler-rooms, &e., is not always done, as many would suppose, 
in the pattern. The time required for making and nailing 
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the lozenge-shaped diamonds on a foot-plato is most decoptivB. 
Henco the method commonly aJoptod ia to aail a double row 
of " chequers " on a. strip of wood, Fig. 372, and to stamp it 
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in the mould, the hinder row of chequers dropping into the 
front row of impressions last made, and so forming the guide 
for the next row. 

Many itema are kept in "stock " in a well-ordered establish- 
ment. Core-boxes for making plain round cores are thus 
always kept on the foimdry shelves. A good set should run 
from I indies to 6 inches or 6 inches in diameter, advancing 
by eighths in the smaller sizes and by quarter inches in the 
larger ones. They are made in cast iron, fitted as shown in 
section, Fig. 373, and bored out true in the lathe. Corea 
larger than these are oftener made from woodea boxes, or, 



struck lip on a core-bar. "Where the iron pattern rings 
pulleys are kept in stock, large cores may conveniently De 
made irom them ; or if very large — say over 18 inches or 24 
inches— from segment boxes (Fig. 374), six or eight to the 
circle. Square wooden core-boxes are also kept in the foundry. 
Small prints are kept in all their sizes ; and instead of brad- 
ding them on, it ia much tetter to have a standard " stud- 
bit" — i'.e. a centre-bit of J ineh or J inch diameter — and to turn 
studs on all prints to this size, by adopting which method they 
will be always readily interchangeable. 

Gins, — GtluemuBt be kept free from dust and dirt in a clean 

When required for use, the pieces should be washed in 

cold water, broken up small with a hammer, and dropped into 

the middle pot with sufficient clean water to cover them well 

The bottom pot being about three parts filled with 

water is then put on the stove and simmered, the glue being 

stirred from time to time with a stick, and the scum which 

1 ladled off and thrown away. Too great a tempera- 
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tuTB should be avoided, for that -n-ould bum the glut 
impair its adhesive power. A email caat-iron tank supplied 
with hot water from the waste-steam pipe of the engine afl'ordfl 
a better means of heating the g'lue than a fire, because thea 1 
the temperature can never exceed that of boiling water. 
Glue joints are made either with the trying plane or 
a longer plane called a " jointer." One face, or edge, i 
;a8e may be, is planed true first, and chalked, then its feUow 
s fitted to the chalked portion. "Where the joint ia long, two 
nen rub it alternately backwards and forwfmJs to work out 
all the superfluous glue and air, and "set "it when it becomes 
difficult to move it any more. The pieces thus jointed are 
sometimes secured with crampa, sometimes with staples or 
with weights, or are simply left to themselves — all dependent 
upon the character of the work. Thin pieces having large 
euperficiea — tliin segments, for esamide — have a tendency to 
curl upwards, the joint opening along the edges, owing to the 
Bwelliag action of the moisture. Damping the upper surface 
with hot water from the outer pot counteracts this tendency. 

In winter-time the joints of the pieces to be glued should be 
warmed, else the glue will chill, and never set properly. The 
■' thickness " or consistence of the glue is regulated by the 
amount of water present, and should vary with the charac- 
ter of the work, end grain joints or joints running obliquely to 
the grain requiring tMcker glue than those along the grain, and 
small siuif taking thicker glue than stuff having a large area. 
Both of the joint faces of the wood operated upon should 
receive an application of glue from the hruah. From one and 
a half to three hours is sufficient to allow of the drying of the 
joint, more in winter than in summer, though it is always-. 
Ijetter where practicable to give an unassisted joint a night toJ 
harden, I 

Varnisli. — The varnish of the pattern-maker is made by^ 
dissolving pale shellac in wood naphtha or in methylated spirit 
in the proportion of about two pounds to the gallon. The spirit 
should be pure, for if there ia water present the varnish will 
dry white and streaky. "While dissolving, it should be kept in 
a warm place, and shaken from time to time, or stirred with 
a clean stick. No other ingredient is put ia, and the varnish is 
laid on with a brush only. "When i^, the grain of the wood 
presents a hard rough surface which is glasspapered down, 
and another coat of varnish is laid on, two coats being the 
usual number for ordinary pa.ttema, three sometimes for 
better work. When a large nujnber of castings are wanted 
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from one pattern it is true economy to preserve the grain 
from the action of the damp sand by a liberal application of 
yamish. 

Faint is often used in preference to varnish in the case of 
large patterns. It gives a harder skin, is cheaper, and if 
plenty of '' driers " is put in it soon hardens. 

We have referred several times to the upper and lower 
parts in moulding as affecting planed and turned metal faces. 
The moulder, in most cases, would not be able to distinguish 
the one from the other in classes of work to which he was 
unaccustomed. Hence it is the custom in some shops to 
indicate the faced and unf aced portions by distinctive colours. 
Thus, if the pattern were varnished with yellow shellac 
yamish, the portions faced might be coloured black or red. 
This practice is often extended to distinguish prints from 
bosses, which are sometimes confounded by the moulder, 
cores being put into bosses, and prints being cast on. Then 
a third colour would be adopted for all prints. 

Further, to prevent mistakes, and to keep a pattern register 
on the pattern itself, a printed label is sometimes stuck on, 
containing simdry items — as for instance, ''Pattern number, 
A 840 ; Nimiber off. Two ; Cast, this side down. Ifame of 
pattern, Steam-chest, For, \2-horse engine ^^^ and perhaps the 
initials of the foreman are added. Or a kind of cheque-book 
is kept by the foreman, and a written order from that book 
given loosely with the pattern to the foreman moulder, the 
counterfoil being kept in the pattern-shop. This might contain, 
'* date, order number , number off, name of pattern,''^ In shops 
where little system is observed, because a very limited amount 
of work is done, it is usually considered sufficient to chalk 
on the pattern \ off, ^ off, 12 o^, as the case may be, and to 
give special instruction by word of mouth. 

Work of a makeshift character often has to be done in the 
pattern-shop and foimdry. Castings are frequently renewed 
without a wood pattern, the broken or worn casting, as the 
case may be, being made to do duty as a pattern. Where 
this is lie case, all dirt and grease (which would cause the 
sand to stick) is burnt off ; parts that would not mould by 
reason of their being imdercut are filled in with prints, and 
core-boxes made to take out the imdercut portions. Holes 
are filled up and printed ; contraction, if the casting be large, 
is allowed for by thin strips of wood laid against the ends. 
Allowances for turning and planing are made by thin slips of 
wood, or oi lead if the surfaces where the allowances are 
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required happen to be cm-red. Broken wheels are often re- 
placed in this manner, now patterns being expensive. The 
broken teeth are made good by the pattern-mdter, the wood 
being fastened to the metal with. thicJt sheDac vamish, and a 
couple of mending-np teeth provided to make good any falling' 
down of the momd. These broken castings require varnisli- 
iug in order to draw from the sEnd, 

Thin sheet lead is very useful in the pattern-shop for lining 
up the patterns of brasses or other bearing parts in order to 
accommodate them for a smaller bore, for thickening up 
curved faces where it would be difficult or impossible to bend 
wood, or for increasing by a slight amount the diameter of 
a pattern — aa, for instance, that of a flange or small rigger. 
The lead is fastened on with fine screws or with brads. For 
lesser increments of thickness limp cardboard or thick brown 
paper are serviceable, attached either with glue or shellac 
vamish. Plaster of Paris, too, is almost indispensable " '' 
shop. In small work of a temporary character a patti 
some portions of a pattern, or an alteration to an existing 
pattern, can be made in a few minutes with plaster, whicQ 
alteration would take a very much longer time if done in wood. 
And since ita purpose is but temporary, it is of no consequenoe 
if the plaster becomes broken on. leaving the mould. 

There is a, good deal of rough work, as well as some of the' 
very best, done in the pattern-shop. As a rule, the men who. 
do the one class are not employed to any great extent upon. 
the other. Among the rougher class of work shop tools take 
an important place, and in a large factory there is always 
sufficient in this line to keep one man constantly employed. 
There are boxes and turn-over boards for the foundry, special 
chucks and templets and setting blocks for the turners and 
fitters, bending blocks for the hoiler-makers, and dies of all 
descriptions for the smiths. Much special knowledge is re- 
quired in this work — little " tips " and " ■wrinkles," as the 
workmen say — and certain allowanoea, all essential to the 
perfection of results. So that, after all, the term "rough" 
rather implies an absence of " finish " in the patterns than a, 
slight equipment of technical knowledge or absence of ac- 
curacy. For rough work as appHed in this sense a foreman 
or employer will provide special timber. "While he will use 
the very best quality board that can be got for the best and 
standard work, ho will provide a certain proportion of seconds 
for the rougher work of shop tools, core-box sides, boxed-up! 
patterns, and loam-boards. 
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All patterns should be stamped before they go into the 
pattern stores. They may be stamped by the name of the 
piece of work to which itey belong, or by some distinctive 
number, which number is kept in a pattern register, or with 
both together thus : " 4in. thbee thkow pumps, b 482." 
The letter b has this reference : when the registered patterns 
have reached a certain nimiber, say, 1,000 or 10,000, an 
increase in the nimiber of figures is apt to cause inconvenience. 
Hence, there would be a 1, a 2, &c., up to the limit, say 
A 1,000 ; then b 1, b 2, as far as b 1,000 ; afterwards o 1, c 2, 
to 1,000, so that 26,000 patterns might be thus registered. 
The system is an excellent one, and is largely adopted. The 
drawback is, that when patterns have been repeatedly altered, 
as they very often are, for modifications of design and 
difference in dimensions, these registers become comparatively 
valueless unless a very complete record of such alterations is 
kept in the pattern register itself. '^ ; • 



CHAPTEE XXXm. 

the;qualifications of a pattern-makee. 

Specialisation of Work. — ^Woolwich Arsenal. — ^Mental Loss suffered by 
Machine Hands. — ^Variety in Pattern Work. — Book Baiowledge. — 
Need of Technical Education.— The Eolation of Study to Work. — 
Principles and Practice. — Projection. — Arithmetic. — Experience. — 
Antiquity of Pattern- making. — Its prospects. 

Those wlio have perused the foregoing chapters will have 
observed that I have not written to give instruction in the 
manipulation of tools and timber. Such instruction could 
only have been imparted at the sacrifice of an equivalent of 
that more advanced knowledge which I have striven to 
embody therein. I have therefore assumed that those who 
would read this work were already in possession of a certain 
amount of elementary instruction in workshop practice. Hence 
I have written for ihe apprentice who has learned the first 
lessons of his craft, for the yoimg workman whose experience 
has been limited and opportunities few, for the draughts- 
man who finds himself sadly crippled in designing new w'ork 
through lack of knowledge of pattem-makmg and mould- 
ing, for the amateur who has learned how to handle tools 
and has a smattering of engineering construction, and also, I 
trust, for those worfinen — a large class — ^who, in these days 
of extreme specialisation, have been accustomed to one kind of 
work only, without enjoying the opportunity of learning 
aught of any other. There are many men who, having been 
trained in a shop where special work only is done, cannot 
readily turn their hands to any other branch. In their special 
groove they get along very well ; at all else they prove incom- 
petent, simply on account of the initial diflB.culties which a 
little instruction would enable them to surmount. This evil 
increases year by year, and the praise a fitter once bestowed 
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upon a fellow- workman, to the effect that he was '^a first- 
class slide-valye hand," bears testimony to the manner in 
which work is being cut up, to the advantage of the pur- 
chaser, but to the corresponding intellectual disadvantage of 
the workman. 

Take Woolwich Arsenal, for example, as a type of many a 
smaller factory. There, though one cannot help admiring the 
ingenuity displayed in the designing and perfecting of the 
numerous and v^uable time-saving machines in use through- 
out the place, there is a mournful feeling that the workmen, 
unless their intellectual character be developed in some way 
or another outside and independently of their daily labour, 
must degenerate in time into mere machines also. Think of 
the mental loss suffered by the man who has to cut the dove- 
tails in the ends of the cartridge-boxes all the year round — 
who does not even cut them by hand, but merely presents 
those ends to the automatic machine which takes them out. 
Or that mental ennui which must be endured by the man of 
monotonous occupation who glues these dovetailed corners 
together perpetually — pile after pile, hundreds of boxes in 
succession — from whose sense of responsibility even the risk 
of making a bad joint is eliminated by the use of a parallel 
screw clamp of metal. This mental loss is one factor in the 
heavy price we have to pay for our industrial superiority ; 
hence the greater need for the cultivation of those technical, 
scientific, and literary aids and recreations which are now 
happily within the reach of every one. 

This is somewhat of a digression, but it illustrates in rather 
an extreme manner the injury which our modem subdivision 
of labour does to the workman by robbing him of a useful 
range of experience — injury, not only because it renders 
almost unnecessary the continual exercise of his faculties, but 
also by making him incapable of accepting any other situation 
save one involving precisely the same routine of automatic 
labour as that to which he has been accustomed. Now, in 
the case of the pattern-maker, this danger does not exist to 
anything approaching the like degree, because even in a shop 
where but one class of work is done, whether it be locomotive 
or marine engines, cranes, pumps, or anything else, there is 
much variation in the different patterns for the different parts. 
But still there are very few shops indeed in the kingdom 
where the range of work done is so extensive as that which 
these chapters, now concluded, have embraced. Consequently, 
there are numbers of pattern-makers and draughtsmen who 
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have never had a practical kno-wledge of ho many classes of 
wort. And now, having thus far treated of the general 
prineipleB involved in those various t3^es bo fully that I 
think it would be impossible to name any special piece of 
work to which those general principles of construction would 
not apply, I propose devoting a last page to the discusaion of 
the mental training which should proceed coincidently with 
the practical work of the shop, 

Now I am not going to frighten my ambitious fellow- 
workmen who are desirous of becoming first-daaa craftsmen 
by marsh alii Tig before them a long array of studies. Book 
knowledge is not indeed really necessary, for I have known 
excellent workmen who ware comparatively ilhterato men ; 
but then they were incapable of ever becoming anything more 
than mere men at the bench. But the time has gone by, I 
think, when the majority of young men were content to 
labour without an aspiration beyond journeyman's wage and 
the coining Satiirday night. The workman's mental horizon 
has expanded, and the pleaauree of literature and the marvels 
of the wonderland of science occupy the leisure which was 
once idled away in the streets or the public-house. And 
now, as ever, though the average man may not rise above 
the ranks, he is appreciated the more if he has learned the 
fundamental reasons of things, and so can proceed intelli- 
gently at his tasks. 

But even when working at the bench no man knows how 
soon he may be thrown upon his own resources for rough, and, 
ready design. There ia many a. comfortable shop where one 
or two pattern-makers are kept for repairs, and where there 
ia no draughtsman or designer— no one who can render him 
the least aasiatance. Yet if a man proves himself competent 
to cope with emergencies as they arise, and can do a job 
quickly and substantially without extraneous assistance, he 
gener^y has employment so long as he cares to keep it. So, 
too, in many pattorn-ahops a working foreman only is kept, 
and the men have much more scope for the exercise of their 
talents than in those larger establishments where draughts- 
men and foremen arrange everything for them. In general, 
shops again, the workman will often have new and stri 
jobs given him to do, unlike any that have been done in 
shop before, for which he should be prepared by a study 
the principles bearing thereon. In repair and jobbing shops, 
also, workmen, as well as foremen, are sometimes eenl 
to receive instructions relative to break-donm work 
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proposed ftlterations. For these, and many more i 
the pattem-mBkor'a craft is not so easy of mastery as many 
othen are, and it should be his aim to prepare himself for 
contingenciea that may arise ia tlio routine of bench work, 
and for duties whioh. if he ever beoconea foreman, he will be 
called upon to perform every day. 

It is of no use to think of becoming a good pattern-maker 
witliout becoming also, to some extent, a good engineer. A 
man ill-informed in the principles of design hesitates how to 
proceed with a new piece of work, or whether to proceed with, 
it at all without calling in some extraneous assistance, simply 
because he does not know the elementary princaples on which 
his work is baaed. A knowledge of the elements of geometry 
or mensuration would often enable him to mark out and cut 
away his stuff at once, instead of working slowly and doubt- 
fully in the dark. A clear knowledge of the uses to which 
hifl work is to be put will enable him to bestow greater uare 
on parts where the greater accuracy is desired, and to bestow 
less labour on the unimportant portions, and a knowledge of 
the mechanical laws on which his trade is based will give 
him a vast increase of interest in the details of the worktop. 
How delightful to the worker who has also become a student 
to see for the first time in books those things with which 
he has been familiar in the workshop, without knowing the 
why and the wherefore^ — to see them explained and illus- 
trated, and to learn that tbo principles of his dull craft are 
founded on laws as immutable as those which guide the 



Briefly noting the studies by which he should quaUfy him- 
self for his trade, first in the list of his requirements comes 
the statical portion of mechanics. Here he should well 
understand the Piu-allelogra.m of Forces, with its modifica- 
tions of the triangle and polygon ; the principle of the lever, 
and the methods of calculating leverages, since these have 
their applications in screws, gearing, belting, girder calcula- 
tions, weighbridges, and so on. He should also be conver- 
eant with the fundamental properties of fluids, as bearing on 
liquid pressure and the flow and efflux of water; also of atmo- 
spheric pressure as affecting the consttoctiou of pumps and of 
steam-engines. Heat, also, as bearing on the expansion and 
contraction of metals, the warming of buildings, tiie economy 
of the steam-engine, and ita e^uivaleat in mechanical work 
should be studied. Mensuration of superficies and of solids 
is aJso a necessary acquirement, as are likewise the o 
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problems in plane geometry. And now that electrical 
engineering is coming to the front, lie might find it to liia 
advantage to understand the principles of dynamical and 
statical electricity, and their application in the constrnction oE 
the dynamo. Ail these will be studied best in the elementaiy 
and advanced classes held in all important provincial towns 
in connection with the Soudi Kensington Department — sup- 
plemented, of course, by home reacUng. Neither will the 
pattern-maker find it so difficult to master the knowledge of 
these things aa an unpractical person would do. For he sees, 
the applications of their principles around him every day of. 
his life. They are so perpetually before his ejea that he too 
often fails to observe or to regard them. He has only to 
walk through the factory with his eyes open to see dozens 
of instances of the application of the principles enunciated in 
his books. Hence, what is so dry and difficult of application 
to the mere student becomes insitinct with life and fact, and 
plain and practical, to the observant workman. 

A knowledge of drawing is oae of the chief rec[nirementa 
of the pattern-maker. And by this I do not mean merely a 
skill in making drawings from copies. A mere tracer can do 
this after a few months' practice, without possessing any know- 
ledge of that which his drawing represents. But by drawing 
I mean the principles of projection as applied to geometric 
figuies, in plans, elevations, seotions at various angles, and 
so forth. Mere copying of the so-called mechanical drawings 
provided in the schools of Art is of little or no value ; but 
the student who has thoroughly mastered the principles of 
projection will never experience any serious difficulty either 
in making or in understanding an intricate drawing. The 
leisure of a few months devoted to this subject will bo of 
invaluable service ever afterwards. Most of the drawing 
which the pattern-maker has to do is done to fidl size upon a 
chalked board, and therefore minute proportion and finish 
are neither looked for nor are they necessary. But he will' 
bo able to see through an intricate small-scaled general or 
detailed drawing rapidly and accurately, when ho is Uioroughly- 
conversant with the principles by which its various views are 
projected. 

The scientific knowledge of the studious worker has to ba 
put to practical use, and for this information of a more 
technical character must be acquired. Knowing, for instance, 
bow to calculate the strains due to the leverages in a certain 

ce of work, we also reo[iiire to know something about the 
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strengili of the materials which eater into eng^eerin^ con- 
Btruction — iron, gunmetal, copper, oak, red deal, pitch pine, 
&c. — and how to combine these with our arithmetdc in the 
shape vd multipliers, coefficients, &c., for tecsile, compreBsive, 
and BheariiiD; strains. A knowledge of how to read the 
simpler al^oraic fonnulso — that ia, the meaning of signs, 
brackets, associations of quantities, &c.— is neoesaary, though 
algebra and trigonometery themselves are not required in the 
pattern-shop. Common arithmetic will enable uie workman 
to perform all the calculations he will have to do ; and by 
common arithmetic I mean the elementary rules, together 
with proportion, decimals, and evolution of the square and 
cubs roots. 

Lastl;, there is that experience which, in the course of 
time, bears the semblance of intuition— that experience which 
comes of close and long-continued observation, and is invalu- 
able to its possessor. Such intuition is far superior to mere 
book leammg — infinitely better than an exhaustive study of 
all the text-books without it. Yet when the two are harmoni- 
ously combined, the result is a full and ready workman who 
keeps his situation through elack as through busy times, 
because he has rendered h ma self so valuable to his employers 
that they are loth to let him go. Such It should be the aim 
of every workman to become, and even though he may not 
perhaps attain the highest prizes, he can never receive that 
contempt which is awarded frecjy to the indolent and in- 
competent, 

I have ever loved the trade of my choice. 1 prefer it to 
any other with which I am acquainted, and I like it mainly 
because of the variety of employment which it affords, em- 
bracing aa it does the whole range of the engineer's know- 
ledge, designing, moulding, fitting, and the application of 
many branches of science beside. It would not do for us aU 
to think alike ; but I should not like to be making table-tops 
all my life, nor framing chests of drawers together year after 
year, nor French polishing till my hair turned grey. I love 
this trade because the continual change of woik requires a 
constant exercise of the mental faculties, at once pleasing 
and healthful, and invests Bubjects apparently dry with an 
ever-new interest. My pattern-making ia also of very high 
antiquity, since some Neolithic fellow- craftsman must hare 
modelled the pattern of the metal mould, with its gate and 
runner and dowels, from which the first bronze user made 
his first hatchet or chisel of metal. And it can never be 
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superseded, since no machine can ever take the place of 
intelligence in the construction of patterns whose t^es and 
dimensions are seldom exactly alike. 

My task is done. From beginning to end mine has been 
a pleasant occupation. I have striven to make this volume 
supply a want which I have experienced in former years, 
and trust that it may be of service to others in years to come. 
The types of machinery are ever varying, but ike principles 
which He at the foundation of their pattern-making must ever 
remain the same. 
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stren^Ui of the materials vhich enter into engiaeering o 
struction — iron, gumaetal, copper, oak, red deal, pitch pine, 
&c. — and how to combine these with our arithmetic in the 
shape of multipliers, coefficients, &c., for tensile, compresaiTe, 
and shearing strains. A knowledge of how to read the 
simpler algebraic formulse — that is, the meaning of signs, 
brackets, associations of quantities, &c. — is necessary, though 
algebra and trigonometery themselves are not required in the 
pattem-ahop. Common arithmetic will enable lie workman 
to perform all the colculatiouB he will have to do ; and by 
common arithmetic I mean the elementary rules, together 
with proportion, decimals, and evolution of the square and 
cube roots. 

Lastly, there is that experience which, in the course of 
time, bears the semblance of intuition — that experience which 
comes of close and long- continued observation, and ia iuvalu- 
ablo to its poflsesBor. Such intuition is far superior to mere 
book learning — infinitely better than an exhaustive study of 
all tho text-books without it. Yet when the two are harmoni- 
ously combined, the result is a full and ready workman who 
keeps his situation through slack as through busy times, 
because he has rendered himself bo valuable to his employers 
that they are loth to let him go. Such it should he me aim 
of every workman to become, and even though he may not 
perhaps attain the highest prizes, he can never receive ttiat 
contempt which is awarded freely to the indolent and in- 
competent. 

I have ever loved the trade of my choice. I prefer it to 
any other with which I am acquainted, and I like it mainly 
because of tho variety of employment which it afEords, em- 
bracing as it does the whole range of the engineer'a know- 
ledge, designing, moulding, fitting, and the application of 
many branches of science beside. It would not do for ub all 
to think alike ; but I shoiild not like to be making table-tops 
all my Hf e, nor framing chests of drawers together year after 
year, nor French polishing till my hair turned grey, I love 
this trade because the continual change of woric requires a 
constant exerciso of the mental faculties, at once pleasing 
and healthful, and invests subjects apparently dry with an 
ever-new interest. My pattern-making is also of very high 
antiquity, since some Neolithic fellow-craftsman must have 
modelled the pattern of the metal mould, with its gate and 
runner and dowels, from which the first bronze user made 
his first hatchet or chisel of metal. And it can never be 
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superseded, since no machine can ever take the place of 
intelligence in the construction of patterns whose types and 
dimensions are seldom exactly alike. 

My task is done. From beginning to end mine has been 
a pleasant occupation. I have striven to make this volume 
supply a want which I have experienced in former years, 
and trust that it may be of service to others in years to come. 
The types of machinery are ever varying, but Hhe princ^les 
which He at the foundation of their pattern-making must ever 
remain the same. 
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402-038 


17t 


55-370 


243-977 


22i 


71-471 


406-493 


17f 


55-763 


247-450 


22^ 


71-864 


410-972 


17| 


56-156 


250-947 


23 


72-256 


415-476 


18 


56-548 


254-469 


23i 


72-649 


420004 


m 


56-941 


258-016 


23i 


73-042 


424-557 


m 


57-334 


261-587 


231 


73-434 


429-135 


m 


57-726 


265-182 


23^ 


73-827 


433-731 


18* 


58-119 


268-803 


23f 


74-220 


438-363 


18* 


58-512 


272-447 


23| 


74-613 


443-014 


18j^ 


58-905 


276-117 


23^ 


75-005 


447-699 


18* 


59-297 


279-811 


24 


75-398 


452-390 


19 


59-690 


283-529 


24i 


76-183 


461-864 


19* 


60-083 


287-272 


24i 


76-969 


471-436 


19* 


60-475 


291-039 


24i 


77-754 


48M06 


19f 


60-868 


294-831 


25 


78-540 


490-875 


19* 


61-261 


298-648 


25i 


79-325 


500-741 


19* 


61-653 


302-489 


25i 


80-110 


510-706 


19* 


62-046 


306-355 


25i 


80-896 


520-769 


19* 


62-439 


310-245 


26 


81-681 


530-930 


20 


62-832 


314-160 


26i 


82-467 


541-189 


20* 


63-224 


318-099 


26^ 


83-252 


551-547 


20* 


63-617 


322063 


26i 


84037 


562-002 


20f 


64-010 


326-051 


27 


84-823 


572-556 


20* 


64-402 


330-064 


27i 


85-608 


583-208 


20* 


64-795 


334-101 


27J 


86-394 


593-958 


20* 


65-188 


338-163 


27f 


87-179 


604-807 


20* 


65-580 


342-250 


28 


87-964 


615-753 


21 


65-973 


346-361 


28J 


88-750 


626-798 


21* 


66-366 


350-497 


28i 


89-535 


637-941 


21* 


66-759 


354-657 


28J 


90-321 


649-182 


21f 


67-151 


358-841 


29 


91-106 


660-521 


21* 


67-544 


363-051 


29i 


91-891 


671-958 


21* 


67-937 


367-284 


29i 


92-677 


683-494 



1 


f 




APPENDIX. 


24S 






Dift- 


Circum. 




Dia- 


Circum- 


Area. 






meter. 


ferenco. 


AteM. 




ference. 




29} 


93'462 


695-128 


40 


125-664 


1256-64 




30 


94-348 


706-860 


40i 


126-449 


1272-39 






soi 


95-033 


718-690 


40f 


127-234 


1288-25 






30i 


95-818 


730-618 


40S 


128-020 


1304-20 






30J 


96-604 


742-644 


41 


128-805 


1320-25 






31 


97-389 


754-769 


41i 


129-391 


1336-40 






31* 


98-175 


766-992 


41* 


130-376 


1352-65 






31i 


98-968 


779-313 


41f 


13M61 


136900 






31} 


99-745 


791-732 


42 


131-947 


1385-44 






32 


100-531 


804-249 


42i 


132-732 


1401-98 






32} 


101-316 


816-865 


421 


133-518 


1418-62 






32i 


102-102 


829-578 


42J 


134-303 


1435-36 






32} 


102-887 


842-390 


43 


135-088 


1452-20 






33 


103-672 


855-80 


43i 


135-874 


1469-13 






33} 


104-458 


868-30 


43J 


136-659 


1486-17 






33} 


105-243 


881-41 


m 


137-445 


1503-30 






33} 


106-029 


894-61 


44 


138-230 


1520-53 






34 


106-814 


907-92 


44t 


139-015 


1537-86 






34} 


107-599 


921-32 


44J 


139-801 


1556-28 


^^^i 




34} 


108-385 


934-82 


44i 


140-586 


1572-81 


^^^H 




34} 


109-170 


948-41 


45 


141-372 


1590-43 






35 


109-956 


962-11 


46i 


142-157 


1608-15 






35} 


110-741 


975-90 


46i 


142942 


1625-97 


^^^^H 




35} 


in-526 


989-80 


45J 


143-728 


1643-89 


^^^H 




35} 


112-312 


1003-78 


46 


144513 


1661-90 


J^M 




36 


113-097 


1017-87 


46i 


145-299 


1680-01 






36} 


113-883 


1032-06 


461 


146-084 


1698-23 


^^^H 




36} 


114-668 


1046-35 


46i 


146-869 


1716-54 


^^^^1 




36} 


115-453 


10(iO-73 


47 


147-655 


1734-94 


i^^^H 




37 


116-239 


1075-21 


47i 


148-440 


1753-45 






37} 


117-024 


1089-79 


471 


149-226 


1772-05 






37} 


117-810 


1104-46 


47| 


150-011 


1790-76 






37} 


118-595 


1119-24 


48 


150-796 


1809-56 






38 


119-380 


1134-11 


48i 


151-582 


1828-46 






38} 


120-166 


1149-08 


481 


152-367 


1847-45 






38} 


120-951 


1164-15 


48J ; 153-153 


1866-55 






38} 


121-737 


1179-32 


49 , 153-938 


1885-74 






39 


122-522 


1194-59 


49J 154-723 


190503 






39} 


123-307 


1209-95 


491 ' 165'509 


1924-42 


^^^H 




39} 


124-093 


1225-42 


49J- 1 156-294 


1943-91 


^^^H 




39} 

J 


124-678 


1240-98 


60 1 157-080 


1963-50 J 


1 



250 



Dia. 


Circmn- 


meter. 


ference. * 


50i 


157-865 


50^ 


158-650 

1 


50} 


159-436 


51 


160-221 : 


5U 


161007 ' 


51* 


161-792 ! 

t 


51} 


162-577 


52 


163-363 


52} 


164-148 


52* 


164-934 


52} 


165-719 


53 


166-504 


53} 


167-290 


53* 


168-075 


53} 


168-861 


54 


169-646 


54} 


170-431 


54} 


171-217 


54} 


172-002 


55 


172-788 


55} 


173-573 


55} 


174-358 


55} 


175-144 


56 


175-929 


56} 


176-715 


56} 


177-500 


56} 


178-285 


57 


179-071 


57} 


179-856 


57} 


180-642 


57} 


181-427 


58 


182-212 


58} 


182-998 


58} 


183-783 


58} 


184-569 


59 


185-354 


59} 


186-139 


59} 


186-925 


59^ 


187-710 


60 


188-496 


60} 


189-281 



1983-18 
2002*96 
2022-84 
2042-82 
2062*90 
2083*07 
2103*35 
2123*72 
2144-19 
2164-75 
2185*42 
2206*18 
2227-05 
2248-01 
2269-06 
2290-22 
2311-48 
2332-83 
2354-28 
2375-83 
2397-48 
2419-22 
2441*07 
2463-01 
2485-05 
2507-19 
2529-42 
2551-76 
2574-19 
2596-72 
2619-35 
2642-08 
2664*91 
2687-83 
2710-85 
2733-97 
2757-19 
2780-51 
2803-92 
2827-44 
2851*05 



! Dia- 


dream- 


meter. 

1 


ference. 


60} 


190-066 


60} 


190-852 


61 


191-637 


i 61} 


192*423 


1 61} 


193-208 


61} 


193-993 


62 


194-779 


62} 


195-564 


62} 


196*350 


62} 


197135 


' 63 


197-920 


; 63} 


198-706 


■ 63} 


199*491 


63} 


200-277 


64 


201*062 


i 64} 


201*847 


64} 


202-633 


64} 


203*418 


65 


204*204 


' 65} 


204-989 


65} 


205-774 


65} 


206-560 


66 


207-345 


66} 


208*131 


66} 


208-916 


66} 


209-7P1 


67 


210-487 


i 67} 


211-272 


67} 


212-058 


: 67} 


212-843 


68 


213-628 


68} 


214-414 


68} 


215*199 


68} 


215-985 


69 


216-770 


69} 


217-555 


69} 


218-341 


69} 


219-126 


70 


219-912 


70} 


220-697 


70} 


221-482 



2874-76 

2898-56 

2922-47 

2946-47 

2970-57 

2994-77 

3019-07 

3043-47 

3067-96 

3092-56 

3117.25 

3142 04 

3166-92 

3191-91 

3216-99 

3242-17 

3267-46 

3292-83 

3318-31 

3343-88 

3369-56 

3395-33 

3421-20 

3447-16 

3473-23 

3499-39 

3525-66 

3552-01 

3578-47 

3605-03 

3631-68 

3658-44 

3685*29 

3712-24 

3739-28 

3766-43 

8793-67 

3821-02 

3848-46 

3875-99 

3903-63 
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Dia- 


Circum. 




Dia- 


Circum- 








mBter. 


fereoce. 


Area, 


nwtof 


lerencB. 


Area. 






70J 


222-268 


3931-36 


81 


254-469 


5153-00 




71 


223'053 


3959-20 


811 


255-254 


5184-84 






ni 


223-839 


3987-13 


81* 


256-040 


5216-82 






71i 


224-624 


4015-16 


81| 


356-835 


5248-84 






71f 


225-409 


4043-28 


83 


257-611 


6281-02 






72 


226-195 


4071-51 


821 


258-396 


5313-28 






72i 


226-960 


4099-83 


82* 


259-182 


5345-62 






72* 


227-766 


4128-25 


82J 


259-967 


5378-04 


^^^J 




72f 


228-551 


4156-77 


83 


260-753 


5410-62 


^^^H 




73 


229-336 


4185-39 


831 


261-537 


5443-24 


j^^^H 




73i 


230-122 


4214-11 


83* 


262-323 


5476-00 


^^^H 




73i 


330-907 


4243-93 


83J 


263-108 


5508-84 


^^^1 




73i 


231 693 


4271-83 


84 


263-894 


5541-78 


T 




74 


232-478 


4300-85 


841 


264-679 


5574-80 






74i 


233-263 


4329-95 


84* 


265-465 


5607-95 


■ 




7H 


234-049 


4359-16 


84? 


266-250 


5641-16 


^^^H 




74J 


234-834 


4388-47 


85 


267-036 


5674-51 


^^^H 




75 


235-620 


4417-87 


851 


267-821 


5707-93 


^^^H 




75i 


230-405 


4447-37 


85* 


268-606 


5741-47 


^^^H 




76i 


237-190 


4476-97 


85f 


269-393 


577509 


^^^H 




75J 


237-976 


4506-67 


86 


270-177 


5808-81 


^^^1 




76 


238-761 


4536-47 


. 861 


270-962 


5842-60 






76i 


239-547 


4566-36 


86* 


271-748 


5876-55 


^^^H 




76i 


240-333 


4596-35 


86f 


272-533 


5910-52 


^^^1 




76i 


241-117 


4626-44 


87 


273-319 


5944-69 


^^^1 




77 


241-903 


4656-63 


871 


274-104 


5978-88 


'^^^B 




77i 


242-688 


4686-92 


87* 


274-890 


6013-31 


^^^^ 




77* 


243-474 


4717-30 


87J 


275-675 


6047-60 


1 




77J 


244-259 


4747-79 


88 


276-460 


6082-13 






78 


245044 


4778-37 


881 


277-245 


6116-72 


J 




78i 


245-830 


4809-05 


88* 


278-031 


6151-44 


^^^f 




78i 


246-615 


4839-83 


88JE 


278-816 


6186-20 


^^^H 




78J 


247-401 


4870-70 


89 


279-602 


6221-15 


^^^H 




79 


248-186 


4901-68 


891 


280-387 


6256-12 


^^^H 




791 


248-971 


4932-75 


89* 


281-173 


6291-25 


^^^1 




79* 


249-757 


4963-92 


89i- 


281-958 


6326-44 


n 




79J 


250-542 


4995-19 


90 


282-744 


6361-74 






80 


251-328 


5026-56 


901 


283-529 


6399-12 


^^^H 




801 


252-113 


505800 


90* 


284-314 


6432-62 


^^^^1 




80* 


352-898 


5089-58 


90f 


285-099 


6468-16 


^^^H 


80} 


253-683 


5121-22 


SI 

■ 


285-885 


6503-89 . 


1 
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Dia- 
meter. 


Circum- 
ference. 


Area. 


Dia- 
meter. 


Circum- 
ference. 


Area. 


91i 

91* 

91f 

92 

92* 

92* 

92| 

93 

93* 

93* 


286-670 
287-456 
288*242 
289027 
289-812 
290*598 
291-383 
292-168 
292-953 
293-739 


6539-68 
6573-56 
6611-52 
6647-62 
6683-80 
672007 
6756-40 
6792-92 
6829*48 
6866-16 


93J 

94 

94* 

94* 

94i 

95 

95* 

95* 

95* 

96 


294-524 
295-310 
296-095 
296-881 
297-666 
298-452 
299-237 
300-022 
300-807 
301-593 


6882-92 
6939-79 
6976-72 
7013-81 
7050-92 
7088-23 
7125-56 
716304 
7200-56 
7238-24 



^ABLB 07 SqUABES, CuBES, SqUABE BoOTS, AND 

Cube Boots. 



Nnmber. 


Square. 


Cube. 


Square Koot. 


Cube Boot. 


1 


1 


1 


10 


1-0 


2 


4 


8 


1-41421 


1-2599 


3 


9 


27 


1-73205 


1-4423 


4 


16 


64 


20 


1-5874 


5 


25 


125 


2-23607 


1-7099 


6 


36 


216 


2-44949 


1-8171 


7 


49 


343 


2-64575 


1-9129 


8 


64 


512 


2-82843 


2-0 


9 


81 


729 


3-0 


20801 


10 


100 


1000 


3-16228 


2-1544 , 


11 


121 


1331 


3-31663 


2-2239 


12 


144 


1728 


3-46410 


2-2894 


13 


169 


2197 


3-60555 


2-3513 


14 


196 


2744 


3-74166 


2-4101 


15 


225 


3375 


3-87298 


2-4662 


16 


256 


4096 


4-0 


2-5198 


17 


289 


4913 


4-12311 


2-5713 


18 


324 


5832 


4-24264 


2-6207 


19 


361 


6859 


4-35890 


2-6684 


20 


400 


8000 


4-47214 


2-7144 



Nomtiw. 


Sqoai^. 


Cube. 


Square Knot. 


Cuba Boot. 


21 


441 


9261 


4'58258 


2-7689 


23 


484 


10648 


4 '69042 


2-8020 


23 


529 


12167 


4'79583 


2-8439 


24 


676 


13824 


4-89898 


2-8845 


2S 


625 


15625 


6-0 


2-9240 . 


26 


676 


17576 


5-09902 


2-9625 


27 


729 


19683 


5-19615 


3-0 


28 


784 


21952 


6-29160 


3-0366 


29 


841 


24389 


5-38617 


30723 


30 


900 


27000 


5-47723 


3-1072 


31 


961 


29791 


6-66776 


3-1414 


32 


1024 


32768 


5-66685 


3-1748 


33 


1089 


35937 


5-74466 


3-2075 


34 


1156 


39304 


5-83096 


3-2396 


35 


1225 


42875 


6-91608 


3-2711 


36 


1296 


46656 


60 


3-3019 


37 


1369 


50653 


6-08276 


3-3322 


38 


1444 


64872 


6-16441 


3-3619 


39 


1621 


69319 


6-245 


3-3912 


40 


1600 


64000 


6-32456 


3-4199 


41 


1681 


68921 


6-40312 


3-4482 


42 


1764 


74088 


6-48074 


3-4760 ■ 


43 


1849 


79507 


6-55744 


3-6034 


44 


1936 


85184 


6-63325 


3-5303 


45 


2025 


91125 


6-70820 


3-5569 


46 


2116 


97336 


6-78230 


3-5830 


47 


2209 


103823 


6-86666 


3-6088 


48 


2304 


110692 


6-92820 


3-6342 


49 


2401 


117649 


7-0 


3-6593 


50 


2500 


125000 


7-07107 


3-6840 


51 


2601 


132651 


7-14143 


3-7084 


52 


2704 


140608 


7-21110 


3-7325 


53 


2809 


148877 


7-28011 


3-7563 


54 


2916 


167464 


7-34847 


3-7798 


55 


3025 


166375 


7-4162 


3-8039 


56 


3136 


175616 


7-48332 


3-8269 


57 


3249 


185193 


7-54983 


3-8486 


58 


3364 


195112 


7-61677 


3-8709 


59 


3481 


205379 


7-68U5 


3-8930 


60 


3600 


216000 


7-74597 


39149 


61 


3721 


226981 


7-81025 


3-9365 


62 


3844 


238328 


7-87401 


3-9579 



254 



NmnlMr. 


Square. 


Cabe. 


Square Boot. 


Cabe Boot. 


63 


3969 


250047 


7-93725 


3-9791 


64 


4096 


262144 


8-0 


4-0 


65 


4225 


274625 


8-06226 


40207 


66 


4356 


237496 


8-12404 


40412 


67 


4489 


300763 


8-18535 


40615 


68 


4624 


314432 


8-24621 


4-0817 


69 


4761 


328509 


8-30662 


41016 


70 


4900 


343000 


8-36660 


4-1213 


71 


5041 


357911 


8*42615 


4-1408 


72 


5184 


373248 


8*48528 


4-1602 


73 


5329 


389017 


8-54400 


4-1793 


74 


5476 


405224 


8-60233 


4-1983 


75 


5625 


421875 


8*66025 


4-2172 


76 


5776 


438976 


8-71779 


4-2358 


77 


5929 


456533 


8*77496 


4-2543 


78 


6084 


474552 


8*83176 


4-2727 


79 


6241 


493039 


8*88819 


4-2908 


80 


6400 


512000 


8-944 


4-3089 


81 


6561 


531441 


9-0 


4-3267 


82 


6724 


551368 


9-05589 


4-3445 


83 


6889 


571787 


9-11043 


4-3621 


84 


7056 


592704 


9-16515 


4-3795 


85 


7225 


614125 


9-21955 


4-3968 


86 


7396 


636056 


9-27362 


4-4141 


87 


7569 


658503 


9-32738 


4-4314 


88 


7744 


681472 


9-38083 


4-4479 


89 


7921 


704969 


9-43398 


4-4647 


90 


8100 


729000 


9-48683 


4-4814 


91 


8281 


753571 


9-53939 


4-4979 


92 


8464 


778688 


9-59166 


4-5144 


93 


8649 


804357 


9-64365 


4-5307 


94 


8836 


830584 


9-69536 


4-5468 


95 


9025 


857375 


9-74679 


4-5629 


96 


9216 


884736 


9-79796 


4-5789 : 


97 


9409 


912673 


9-84886 


4-5947 ! 


98 


9604 


941192 


9-89949 


4-6104 


99 


9801 


970299 


9-94987 


4-6261 


100 


10000 


1000000 


10-0 


4-6416 
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Table of the Weight of Cast-iron Balls. 



Diam. 
in 


Weight 


Diam. 
in 


Weight 


Diam. 
in 


Weight 


inches. 


in lbs. 


inches. 


in lbs. 


inches. 


in lbs. 


2 


MO 


6 


29-72 


10 


137-71 


2i 


1-57 


H 


33-62 


lOi 


148-28 


2i 


215 


ei 


37-80 


10^ 


159-40 


H 


2-86 


6J 


42-35 


lOJ 


171-05 


3 


3-72 


7 


47-21 


11 


183-29 


3i 


4-71 


H 


52-47 


Hi 


196-10 


8i 


5-80 


7i 


58-06 


11* 


209-43 


H 


7-26 


n 


64-09 


11* 


223-40 


4 


8-81 


8 


70-49 


12 


237-94 


H 


10-57 


H 


77-32 


12i 


253-13 


4i 


12-55 


8*' 


84-56 


m 


268-97 


4i 


14-76 


8f 


92-24 


12J 


285-37 


5 


17-12 


9 


100-39 


13 


302-41 


5i 


19-93 


H 


108-98 


13i 


320-80 


5i 


22-91 


H 


118-06 


13 J 


338-81 


5* 


26-18 


H 


127-63 


13| 


357-93 



Table of the Weight of Solid Cylinders in Cast Iron, 

One Foot long. 



Weight I 
in lbs. j 



Diameters in inches. 



1 



2-4 



9-9 



21-9 39-0: 61-0 



89-0 



120-0 



8 



156-0 



198-0 
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Table of Decimal Eqttiyalents. One Inch the Integeb. 



•96875 


= i andifr 


•46876 


= f and A 


•9375 


= i ,, A 


•4376 


= * » A 


•90625 


= 4 ,. iV 


•40625 


= f ,, A 


•875 


= * 


•375 


= * 


•84375 


= J » A 


•34375 


— : ■ >• A 


•8125 


= i „ A 


•3125 


— ■: » A 


•78125 


= f » A 


•28125 


— ; >» A 


•75 


= i 


•25 


"^ ' ' 


•71875 


= * ,, A 


•21875 


= ■« »> A 


•6875 


= * » A 


•1875 


= i » A 


•65625 


= i „ -^ 


•15625 


= i » A 


•625 


= i 


•125 


= i 


•69375 


= * » A 


•09375 


= A 


•5625 


= * „ A 


•0625 


= A 


•53125 


= * » A 


•03126 


= A 


•5 


= * 







Table of 


Decimal Eqtjivalents. One Foot the Integee. 


•9166 


= 11 inclies. 


•1666 = 2 inches. 


•6338 


= 10 „ 


•0833 = 1 inch. 


•75 


= 9 „ 


•07291 = * of inch. 


•6666 


= 8 „ 


•0625 zn i „ 


•5833 


= 7 „ 


•05208 =4 „ 


•5 


= 6 „ 


•04166 = i „ 


•4166 


= 5 „ 


•03125 = i „ 


•3333 


= 4 „ 


•02083 = i „ 


•25 


= 3 „ 


•01041 = i „ 



APFEITDIX. 



257 



Table of Dimensions fob Fife Flanges and Sockets. 



Diameter 


Diameter of 


Thickness 


No. of 


Bore of 


Depth of 


of Pipe. 


Flange. 


of Flange. 


Bolts. 


Socket. 


Socket. 


Inches. 


Inches. 


Inches. 




Inches. 


Inches. 


2 


6 to 6^ 


i 


4 


H 


2i 


3 


7i„ 8 


i 


4 


4* 


3 


4 


H „ 9 




4 


H 


H 


5 


10 „ lOJ 


1'. 
1 


6 


6* 


4 


6 


11 „lli 


i 


6 


71 


4J 


7 


12 „13 


i 


6 


H 


4* 


8 


13 „14 


i 


6 


H 


4* 


9 


14 „ 15 


i 


6 


11 


4i 


10 


16 


1 


6 


12 


4* 


11 


17 


1 


6 


13 


4* 


12 


18 


1 


6 


14 


4i 



The above dimensions are good, but not arbitrary. The 
usages of manufacturers differ, some making their flanges 
smaller, others larger than these. Obviously, too, the pro- 
portions and the number of bolts and flanges will vary with 
the strains the pipes have to bear. 



s 



Pn 
O 

I 

Pn 
O 



OQ 



Pn 
O 



I 





• 


1 




ji 


1 




CO u 


, 




.9 

1 




1 

• 




• 

si 






•94 
















o 




• 


a^ 




^ 


HH 




-^o 






<^'.a 


o 


• 

a 




a 






1-4 


• 
d ' 


M 
PE4 


>5 




»4 






M 




pa 

P4 


Eh 


1 


»4 




O 


pa 


• 




g 


•3 


■4 


Dm 
O 




Pi 




• 


pa 


S 


^ 




S 


.a 


bd 


Ph 




o 


• 


p< 




-.g 






M 




• 


P 




^ 






-".a 




H^-g 






^.a 




-^4 






^ § 






•1^ 




• 






rd 






rH O 






.a 






•q;9a 


X 




JO -0 


K 



• ^^kA ^^A ^^Lb ,_^^B _^^b ^i^^ ^^^A ^ ^ ^ ^ . a * 

•aoOOOO>Oi-iOO*-4C^CO'^'^»OoFiroo « S^ 
fl'^'^'^i"'^ if^ >'4bi H^ Hb MkD edB -^i-^ -«— - - _„!». j^. 

•9*- 1- 00 oi o o 3*0 o 3rSf CO w ^ST^o S^ff 

d0000000i-li-l^rH,-^,-^r-lr-li-l,-l»-< 

-«3 t- aoaooiOOrHoo^(N c?co 5r3^Io o 

^^ ^^ ^^^ 

dooooooooi-ti-«i-«i-irH»^»-i,-Hi-Hi-i 

^^ F-K ^^ 
<iOOOOOOOOO*-lf-lr-lrH,— lr-lr-l»-l»-< 

*-H 1-K f-H -« • >i 

doooooooooOf-<f-^F-<»— i,-^»-i,.Hf-^ 
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rH f— I f—t r— I 
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ago O O OOOOOOOOOOOOOOO 
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C|C0'^»O<0t>»00CbOrHOi-<C^C0"^»0«t>»t>»000iOi-« 1-iC^CO 

i-< 1-^ rH 1-1 

O»-iC<|C0rt<rt<»0<0t>»000iOOf-iOipHC^C0'^»0<0«Dt>»000iOi-« 

rH i-H rH i-H i-l 
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1-^ rH rH 1-H 1-H 
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r-« »H I-H ,-1 ,^ ,_| 
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»-<»-• rH ^ ^ ^ 
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cq<N(MC^(M<NC^C^C^e^(MC^C^ 0\,(M C^ C^ 



•o^eofao HMHao«Ni««lao Hn «mioc(»HooHm io)»H^eiooH« ioIb H^ eioo h« Hw «t» H* 
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,pHrHrHi-H-lrHi-li-lrH»-lrHrHrH(MCq<N(MC^©^Cq©^C^C^(MCqC^Cq 

iot8HaoH»eQ(aoHooHn ^?i ioJb H* nh oc(» e-|« ^m Hw ia)B Hoo «Hi c4» t4B ^ t4sMJ« 

CO'^'^»OW5;6t>.t^OOOOOiOiOOrHOOrHrHr-lCqCO CO '^'^wT 



W5 O 



K^n Hn •aiBHaoia)BHaoifi)»H«iatBH^n|^H^n|^H^n|^cc|aoHaoog^H»«<t»H» 
<NC0C0'^t<rt<»O»0OOt^t^00000i0iOOr-lrHOOr-l^C<IC<|C0C0 

1-H I— I I— I f-i 
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»-« I— I »-« I-H 

^rHr-l^i-li-li-li-lrH.-lrH.-l^i-lrHrHf-lrHrH»-m-lrHCqC^e^<N(M 
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OOrHrHC^C^COCOCO"^"^»OW5?OCOCOt^t>»OOOOOiCaOiOOrHr-r 



H*M*o cq|oowhiHoo«*» eot»«HiH*HM «(« «hi Hw "oto co(»«hiH»HM •♦oeohiHooHW 
r-ir-HOOOr-irHC^eiC^C0C0<^rt<"^»O»O<0<0<0t>.t>.0000000iO 

I-H rH 



o o 



oQ|aonkHaoHnHaoHao>#o H*ii*o eslaoeoHi Hn «Hi 'fs ^o* Hn H« x3)» H^nis Hod cote 

Ti« -^ -^ w5 »o CO <o o ;ot^ 



OOOrHrHrlOOrHrHrie^C^C^COCOCO 

o o o o o o 



H^H«HooH^He«HnH»Hnc>3H*Haoog^nk ea|aoiQ(» eoiao iQ|ao Hoo H^ He< Hn H« Hoi Hn Hoo 
C50iOiOiOOOrHrHrHOOOrHrHrHC^CIC^C^COOOCO"^"^'^»0 

OOOOOOOOOOrHrHrHrHrHrHrHrHr-lr-lrH—lrHrHrHr-lr-l 



ooo50rH(^^cort<»oco^«•ooo50r-^o^oo"^»o;o^•ooc50rHc^cO'^ 

C<IC^C0C0C0C0C0C0C0C0C0C0"^rt<rt<"^"^'i1<rt<rt<"^"^»OW5*oioiS 



• 




m'S i 




a ' 




Mi^ 


• 




sri 




• 9^ 


• 




si 




• »4 




. 1 






•aoi-Hi-HC^oO'^«ocot^aoaoa)Oi-iOv<Hc^eoooTi4 
•Sf^ ooo>o»-i'-iOi-^cicoeo"^»oot^t^oooiOO 

*-4 f-^ f-^ »-« rH 

C 00 00 00 CO CO 00 ^ "T}< ^ "T}< ^ ^ ^* t(* ^t* t(* ^* ^^ ^ ^ 



iHwH<B»HeiH* •>!* "^Bi H* H* 'iw '^* •>N'' 



HbHR'^* 



^co'^'^»oot>»t^aoo>OiOr-tOO»-ie^c^cO'^»o 

^ CO CO CO CO CO CO CO CO 00 00 CO CO "^ Tf* ^t* ^ ^* ^ ^ ^ 
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(S CO CO CO 00 00 CO 00 CO CO CO CO 00 00 CO CO CO T|* ^ ^ ^ 



c« 



hv§ 




p 11 



•arHi-iOOr-iclC^C0rt<rt<w5<0^t^t^000i0iOrH 

^(NC^OOOOCOOOOOOOOOCOOOOOCO CO CO 00 CO 00 CO CO 

•a000iOO*-Ht-HOr-lf-^0^C^C0■^T}<^OlO«O^t^^• 
1-K l-H l-H I— I 

dc^cqcicqc^c^cocococococococoeoeoeocococo 



OOr-lT-HC^COCOTtl'^^ 



dc<ic^c^e^c^<NC^<Ncqcqcocococococococococo 

.a^^y55^;Ot>.^s,oOOOCaOiOOi-Hi-HO 0*-Hr-iC< 

rH T-l f— I 1—4 

d<MC^c^c^cqcqc^<Nc^c^c^cqcqc^G^eococococo 

Q h^VjI^ H^"«SHao«*»H^^«iao Hw H^ He« Hn «e|n Hoo cofioHioteio 
•Sc^C^COCO-rt^-^iOiOCOCOt^t^OOOOOOOiOiO O »-< 

l-H I— I f-H 

OOOf-trHC^WCOCOrt^-rt^rt^kOkO^OOt^i^oOoO 

m 

fjHooH^x^o H«H»H^i^^o HMH»H^r«jao Hc^rHaor^*^ Hoi 
•a0500rHrHf-HOOrHrHrHC^C^COeOCOTt<Tt<»0»0 

^rHrHrHrHrHrH(MCqC^(Me^C^(M<MC^CqC<|C^C9« 
•»t>- OOOOOOO^OdCdOOOrHrHOOOi-HT-HT-HOC^ 



c^c^c^c^oic^c^c^ 









»/5;0h*000>OrHC<|C0rJ*kC;0t>-000iO»-HC<IC0"^ 



r-»Of-lC^C0"^»O;0t^000iOr-lOr-l©^C^C0'V»OOt>.000iOr-l 
^~* »-•?-• f>H 1-1 

*OCOt>-000500f-lOrHC^CO"rt<W5»OOt>«OOOiOr-»OOrHC^CO 
rH rH rH rl rH 

T-iOf-iC^C^CO'^»OCOOt>-OOOiOOrHOr-iC^C^CO'^»OCO;Ot^ 
»— ' . r-l I— I rH 
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*0;0t>.t>.00C5OO*-HOOr-iC^C0C0rt<»O»OC0t>«G0000iOrli-H 

•"• »^ »^ rH i-H f-^ 



CSC0'^"^»OO<0t>-00«0iOO»-iOOrHC^c^00rJ<»OW5^t^t^ 

f-i I— I rH 
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!2!?2l^^d?^•^•*°'^"HNHao«|^^HM.^^oopi«Hl»«^H^ He< Hoo eoHi cof^ Hn ^Jn" 
G00i0iO*-Hr-HOOrHC^C^00C0"rt<»O»OOt>-t>«00000iOOrHrH 
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INDEX. 



Acacia for cogs, 44 

Advantages of scientific knowledge, 
242 

Advantages of green sand mould- 
ing, 225 

Air-vessel, 211 

Allowances for taming and plan- 
ing, 232 

Angles in castings, 26 

Antiquity of pattern-making 244 

Apple-tree wood for cogs, 44 

Approximate formula for weights 
of wheels, 130 

Arcs of larp;e radius, 221 

Areas of cities, Appendix, 246 

Arithmetic, 244 

Arms of wheels, 15, 25, 31, 39, 41, 
47, 150 

Arms of flywheels and pulleys, 85, 
88, 96, 99 

Balls, cast-iron, weights of, Ap- 
pendix, 255 
Bars of foundry boxes, 184 
Barrels for crane chains, 164 
Baseplates, 72 
Bearer for fire-bars, 229 
Bearing, engine-bed, 75 
Beech for cogs, 44 
Beeswax for metal patterns, 89 
Belt pulleys, 84 
Bends, 111—115 
Bevel-wheels, 28 

arms of, 31, 150 

building up of, 30 

marking out, 29 

machine-made, 40 

turning, 30 
Blacklead and soap, a lubricant, 106 



Blades of screwB, 177—182 
Blocks for working wheel teeth, 22, 
23 

for teeth of machine wheels, 
38,42 
Boards for striking barrels, 166— 
170 

capstans, 146 

cylinders, 68—70 

flywheels, 79 

pipes, 115, 116 

machine wheels, 40, 41 
Boards, turn-over, 185, 186 
Body flanges for pipes, 107 
Boiler fittmgs and mountings, 228 

—231 
Bosses of flywheels, 80, 83 

pulleys, 86, 88 

screws, 181 

to distinguish from prints, 236 

of water-wheels, 219 

of cog-wheels, 16 
Book knowledge, 242 
Bottom boards, 185 

plate for loam work, 67 
Boxes for moulding, 183 
Boxing up of patterns, 74, 191, 199 
Bracket for gasholder, 134 
Branch pipes, fitting of, 109 
Brass, contraction of, 3 

dowels, 156 

faces for cocks, 212 

multiplier for, 132 

patterns, 214 

to estimate weight of, 127 

work, 214 
Brazing metal, 212 
Breadth of wheel teeth, 16 
Breaking strength of wheel teeth, 49 
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Briokiog up of cylinders, 68 
Broken otrangt, to mould from, 236 
Buckling of cutings, 76 
Building np of patterns, 17, 78, 97 
Busting of mortise wheel rims, 45 

Caxtzlbtbrs, 49 

Gspetans, 144—148 

Oarbonic oxide in mould, 57 

CSsst iron (Ste Ison} 

Cast-iron baUs, weight of, Appen* 

do, 255 
CStsting brass faces to cocks, 212 
Castings, the use of hollows in, 26 

estunatin^ weights of, 126—132 
Calculating duuneters and pitches 

of wheels, 50 
Centre-plates, 159 

square, 161 
Chain barrels, 164—170 
Chaplets, 192 
Check for loam joint, 68 

of strickles, 115 
Chequering of foot-plates, 233 
Chilled work, 171—174 
Chisels for turning, 19 
Choice of rolling cirdes, 15 
Chord of circle, 219 
Circles, areas, circumferences of. 

Appendix, 246 
Clips used in chilling, 174 
Cocks, 207—216 

Cogs, driying and securing of, 45, 
46 

woods used for, 44 
Columns, fluted, 118 — 122 

octagonal, 123 

cores for, 122 
Contraction of brass, 3 

iron, 3 

for metal patterns, 89 

rule, 3 
Comparison of yarious methods of 

making wheel teetii, 23 
Core-bars, 122, 188 
Core-boxes for cylinders, 64, 65, 70 

engine beds, 75 

flywheel arms, 80, 83 

globe-yalyes, 215 
ithe beds, 200 
machine wheels, 38, 41 
mortise, 44 
of large diameter, 234 i 



Core-boxes— pumps, 207 — ^213 

sheaye-wheels, 98 — 103 

sluice-cocks, 212 

stock, 234 

turbines, 223, 224 

water-wheels, 218 

prints, 51 — 57 
Cores for strainers, 211 

striking of, 115—117 

strickling, 122, 146 

threading of, 122 

venting of, 57 
Coring holes in flanges, 108 
Crossheads, 92, 93 
Crystals in iron, 26 
Cubes, cube roots, table of. Ap- 
pendix, 252 
Curying of engine beds, 76 

gutters, 187 

name-plates, 283 

pulley arms, 85 
Cuttmg wooden cogs, 45 
Cycloidal teeth, 14 
Cylinders, loam, 67 — 71 

pattern, 58—66 

soUd, weight of. Appendix, 
255 

Dead-flatb for boiler, 228 
Decimal equiyalents, table of. Ap- 
pendix, 256 
Decimals useful in calculations, 132 
Decomposition of water in a naould, 

57 
Delivery-box, 208 
Depth of prints, 52 
Designing pulley arms, 85 

whom teeth, 9 — 14 
Deyelopment of screws, 175 — 181 
Diagram of crystals in cast-iron, 26 
Diagonals for worm, 34 

screw, 176 
Diameters of wheels, to calcidate, 50 

table of. Appendix, 258 

of circles, table of. Appendix, 
246 

screws, 175 
Discs for turbines, 224 
Disproportioned castings, 84 
Division of labour, 1 
Door-frame for boiler, 229 

man-hole, 231 

mud-hole, 231 
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^H 


^^^^§ 3!^^^H 


W Dovetailing of teeth, 32 


Formula far finding the verse^^^^| 


Dowels, 166-167 


221 ^^^H 


Dowelling, 167 


for pullL'y arms, 85 ^^^H 


Driring in of cogs, 45 


bosses, 8S ^^H 


Drawlacka, 133—141 




Drawiog-boards, 5 


Foundry requisites, 183—188 ^^^H 








Frumings of mudtines, 189 ^^^H 


EcBiBiEio sheavea, 90 


Friction of deep patterns, 1S8 ^^^H 


atmp, flO 




EigMh ;,endB, 111 


Gap bed, 199 ^^^| 


Eugine bed, 72-77 


Gases in a mould, 57 ^^^| 


cylindera, 58—71 


Gasholder bracket, 1 35 ^^^H 




Gauge, long-toothed, 161 ^^^H 
Gearing, bevel, 2S_31 ^^^H 


Epicyclqidal teeth, 7, li 


mode of forming, 9, 14 


machine-made, 37—42 ^^^H 




^^^H 


pendix, 266 


woodon, 45, 46 ^^^M 


EstimBting weighU of CMtinga, 128 


worm, 32—36 ^^^H 


—132 




EiperieDce, the yaloe of, 134, 244 


Oiiders, 137, 138 ^^^M 


Exhaust core-box, S6 


GUsspapenng of teeth, 24, 36 ^^^H 


Byes in castinge, 55 


Globe valve, 216, 216 ^^^| 




Ulue joints, 235 ^^^1 


Faced and unfBcedportioDH of cast- 


making, 234 ^^^M 


ings, 236 


Gluing sf^gments of wheels, 18 ^^H 


Facings for brasses, S9 


Gouge for turning, 19 ^^^^H 


Fastening letters to name-plates. 


Governor ring of turhinn, 224 ^^^H 


233 


Gravity, specific, 127 ^^^H 


Feetofoj'linder, 63 


Green sand moulding, 40, 225 ^^^^^| 


Fitting, allowHuceB for, 199, 232 


Grids, 136 ^^H 


dovetailed twth, 22 


Grinding gouge, 10 ^^^^1 
Grooves in piUlej-e, 95 ^^^^H 


lignum Titaj bearings, 22S 


woodon cogB, 4.5 


Gunmotal castings, 211 ^^^H 


Fire-bur, straight, 223 


contraction 3 ^^H 


Bweeped, 231 


fuces in valves, 212 ^^^^H 


Fire-door, 230 




frame, 229 


name-pktcs, 233 ^^^H 


Flanges, body, 107 


Outtora, 18Q ^^^H 


proportions of, table of. Ap- 


Guide-iron, 115 ^^^| 


pendix, 237 


114 ^^H 


of columns, 121 


Guides for piston-rod, 93 ^^^H 


>•■ holes in, 108 




of pipes, 107 


H-BiTAi'En arm core-boxes, 39 ^^^| 


Btoppingoff, 151 




Fkska, 183 


Head metal of ovlinders, 60 ^^^H 


Fluted columns, 118-125 


Heavy machinovork, 189—193 ^^^| 


Flutes, jointing of, 120 


Hints on study, 242, 243 ^^^M 


Foot-pltttts, chequering of, 233 


Holes, casting of, 51-67 ^^H 


Footstep bearing of turbine, 226 


Hollow baming of iiuLchiiiea, Ut^^^^M 


Force-pomp, 213 


HoUows in castings, 26 ^^^H 


Formula for calculating weights of 


Horizontal engine bed, 72—77 ^^^^1 


wheels, 130 


Hornbeam for cogs, 44 ^^^^^H 



207—227 
Hydrogen in mould, 57 

IinroLVTB teeth, 10 
IroD, — balls, weight of, taUe of, 
Appendix, 256 

contrmction of^ 3 

core-boxes, 234 

cylinders, weight of, 131. Ap* 
pendiz, 255 

crystals in, 26, 171 

dowels, 156 

lifting-plates 158 

moltea, temperature of, 57 

multiplier for, 126 

patterns, 88 

rapping-plates, 158 

sockets, 108 

unequal contraction of, 3 

weight of, 126 

Jaoodc o of wrought-iron arms, 83 
Joint boards, 184 
Joints, glued, 235 

open, 35, 193 

iand, 136 
Jointing,—- of brass work, 185, 214 

chills, 173, 174 

columns, 120, 123 

cylinders, 59, 71, 140 

drawbacks, 136 

flywheel cores, 81 

flutes, 120 

ffirders, 137, 138 

lathe beds, 142 

loam moulds, 68, 71, 168—170 

machine wheel moulds, 40, 41 

pulleys, 87 

pumps, 208—210 

screws, 175—182 

sheave-wheels, 96 — 103 

turbine guides, 222 

turned work, 160 

Talves, 215 

Key boss, 85 

Lagoino up of cylinders, 60 

pipes, 105 
Lap and lead, to mark on eccentric, 

-90 
Lathe beds, 142, 197—201 

poppets, 206 

slide-rest, 2Q2— 204 



Lathe 8tandBid,*205 
Lead,— letten, 233 

multiplier for, 132 

in pattern-shop, 2;s7 

patterns, 89 
Lifting barrels, 164 — 170 

plates, 158 

straps, 159 
Lignum yitsd for turbine step, 226 
Loam boards, —for barrels, 166-170 

capstan, 146 

columns, 119 

cylinders, 68 — 70 

pi]^109 

pumps, 210 

turbmes, 225 
Loam bricks, 70 

moulds, 67, 109, 168 

patterns, 109, 114, 145, 165 

screws, 181 
Long-toothed guage, 161 
Loose pieces, 149 
Lubricant — soft soap, 106 
Lugs, — for moulding box, 184 

splitting wheels, 47 

MACHiNB-moulded wheels, 37 — 42 

parts, 189, 196 
Mahogany for patterns, 4 
Makeshift work, 236 
Man-hole frame, 231 
Measurement of wheel parts, 128 
Mending up, 225 
Metal patterns, 88 
Metals, multipliers for, 132 
Method of estimating weights, 126 

—132 
Method of using odontograph, 9 
Mill gearing, 43 
Millwrights, 1 
Mitre-wheels, 28 
Moisture in a mould, 57 
Mortise- wheels, 43 - 46 
Moulding-boxes, 183 

of barrels, 164—170 

capstans, 144—148 

colunms, 118 — 125 

cylinders, 58 — 71 

engine beds, 73 

flywheels, 79—83 

lathe beds, 142—197 

machine parts, 190 — 196 

wheels, 37—42 • 



Moulding pipes, 105 — 117 
pumps, 207—210 
screws,. 176 — 182 
sheave-wheels, 95 — 104 
turbines, 221—227 
yaxious ways of, 132 — 143 

Mouldings on columns, 121 

Moulds — green sand, 40, 225 
loam, 67—71, 168 

Mud-hole frames, 231 

Name-plates, 233 
Nave of wheel, 16 
Notes, workshop, 232—238 
Number of teeth in wheels, table 
of. Appendix, 258 
to calculate, 50 
Nut for sluice cock, 213 

Oak for cogs, 44 

Object in jointing patterns, 105 

Odontograph scale, 8 

Open joints, 35, 193 

Ornamental columns, 118 — 125 

Oxygen in mould, 67 

Fapeb joints, 17 

templets, 34, 176 
Faint for patterns, 236 
Passages of cylinders, 64, 66 
Pattern register, 238 

screws, 175 — 179 

timber, 4, 237 

wheels, 17—36, 42, 48 
Patterns, for gimmetal, 214 

metal patterns, 89 

maker, qualifications of, 239 — 
245 

tools of, 2 

work, variety in, 240 
Peg-and-cup dowels, 166 
Pegs, wooden, 31 
Pile screws, 177 
Pine, yellow, for patterns, 4 
Pinning of cogs, 46, 46 
Pipe flanges, proportions of, table 
of. Appendix, 267 

sockets, 257 
Pipes, strainer, 211 

estimating weight of, 131 

stopping off, 151 
Piston-rod guides, 93 



Pitch of bevel-wheels, 29 

spur-weels, 7 

worm-wheels, 36 

screws, 175 

to calculate, 50 

diameters of wheels, table of, 
Appendix, 268 
Planing, allowances for, 232 

a glue joint, 235 
Planing-machine bed, 190 

stemdard, 191 

table, 193 
Plaster of Paris, 237 
Plate dowels, 156 

moulding, 187, 188 
Plates for lifting and rapping, 158 

for splitting wheels, 47 

tank, stricfiing of, 164 

thickening of in casting, 3 
Plug for sluice-cock, 213 
Pocket prints, 53 
Pressure in mould, 183 
Prevention of curving in engine 
beds, 76 

in gutters, 186 
Prints for mortise- wheels, 44 

stopping off, 53, 151 

thickness of, 53 

to distinguish, 236 
Projection of bevel-wheel teeth, 29 

of wave-wheels, 102 

value of, 243 
Propeller screws, 180 — 182 
Proportions of moulding-boxes, 183 

pulley arms, 85 
„ boss, 86 

wheel arms, 15 
„ boss, 16 
„ rim, 15 
„ teeth, 12 
Pulleys, 84—89 
Pumps, 207—211 

Qualifications of pattern-maker, 
239—245 

Qualities of iron as affecting con- 
traction, 3 

Quarter bends. 111 

Eack struck with odontograph, 32 
Jtadial drill, 194—196 
Eadii of large size, 221 
Kadius flnder, 102 
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BAppiag of ]»ttanM» 127, IftS 
Bmiag^plateii, 158 
RUMM of wheelt, 50 
R— ■ooi why cftftingi rarj, S, 15S 
Bedacinf pipe, 112, 117 
lUgiitarof pattenifl, 238 
Rcauria oo tmning-tooli, 19 
BMt oi lathe, 202~20o 
Bim of berel-wheeU, 30 

flywheels, 78, 79 

machine wheelc, 39 — 12 

mortice- wheeU, 43 

polleyt, 84 

■pur- wheels, 15, 17| 

wonn-wheclt, 32, 33 
Ring, moolding of, 153 
RoUar, chiUed, 173 
BoUing circles, 7, 13 
Rop^-whcelt, 101—103 
Roond-nose for turning, 19 
Rounding of pulley rims, 85 
Rule, contnction, 3 
Rales for calculating wheel teeth, 

68 
Rotting of metal patterns, 89 

S-MPis, 114 

Raddle of rest, 202, 203 

Safety-Tslres, 231 

sheUs of, 230 
Sawing of cogs, 44 
Scale,— odontograph, 8 

for proportions of wheel teeth, 
12 
Science, the study of, 242 
ScrewF. 175—182 
Screw barrels, 165—170 
Searing of rough patterns, 184 
Seating of valve, 230 
Segments for bevel wheels, 30 

spur-wheels, 17 
Segment screws, 177 

of teeth, 220 
Set squares, 214 
Shape of wheel-teeth, 6 
Sheave-wheels, 95—103 
Shop tools, 159—163 
Shrouding of turbines, 224 

water-wheels, 219 

wheel teeth, 48 
SheUao varnish, 235 
Side chisel for turning, 19 ] 

'*mk pattemSy 152 — 154 






Skewers, 56i, 73 

Slide-valveo, 91 — 92 

Sluioe-oockB, 212 

Small hcaa work, 214 * 

Sockets of pipesy table o^ Appendix, 
257 

Soft 801^ a hibrieant, 106 

Speafie cravitiaay 127 

Spedali&a, 155--159 

Special tooJa, 159 — 163 

Specialisation of work, 1, 239 

Splitting of polleytfy 88 
wheels, 46 

Sprockei-wheela, 103 

Spur-wheels, 9 — 27 

Squares, table of. Appendix, 252 
j Square roots, table of. Appendix. 
I 252 
j Stamping of patterns, 238 

I Standardfof planing-machine, 191 
' Staples, 160 

I Steady for lathe, 106 
Steam cylinders, 58 — 71 
Step of turbine, 226 
Stopping off, 150 — 152 
Stramer for pipes, 211 
Straps for lifting, 159 
Strap pulleys, 8 4 -89 
Streo^ of wheel teeth, 49 
Striclding tank-plates, 154 
Striking-boards for barrels, 164— 
170 

bends of pipes, 115 

capstans, 144 — 146 

cylinders, 67 — 71 

flywheels, 79 

machine wheels, 40, 41 
Study, course o^ 242 

and work, 244 
Suction-box, 207 

Snr£&ce-plate, how moulded, 149 
Sweep for flywheel, 82 

Table of planing machine, 193 
Tables of — 

diameters, areas, and oir«um- 
ferenoes, Appendix, 246 

decimal equivalents. Appen- 
dix, 256 

square and cube roots. Ap- 
pendix, 252 *^ 

squares and cubes. Appendix. 
252 • 



INDEX. 
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Tables of— 

dimensionB of pipe flanges, 
Appendix, 267 

dimensions of pipe sockets, 
Appendix, 257 

pitches and pitch diameters, 
Appendix, 268 

weights of solid cylinders. 
Appendix, 266 

weights of iron balls. Ap- 
pendix, 266 
Tank-plates, strickling of, 154 
Taper, — of engine beds, 73 

lathe beds, 199 

patterns, 191 

pile screws, 179 

prints, 52 

mortises, 43 

wheel^rims, 21 
Tar in foundry, 116 
Technical knowledge, need of, 242 
Tee-pipes, 110 
Teetii,— of bevel-wheels, 29 

cydoidal, 7, 14 

mortice-wheels, 45 

spur-wheels, 22 

worm-wheels, 32, 36 

calculating s^ngth of, 49 

involute, 10 

methods of working, 22, 23 

to match old wheels, 15 

working contact of, 6 
Temperature of moulds^ 67 
Templets, — for bevel- wheels, 30 

circles for wheels, 13 

pipe flanges, 108 

screws, 181 

sheave-wheels, 97 

worm-wheels, 36 
Three-throw pumps, 207—210 
Timber, — ^for pattern-making, 4 

warping o^ 17, 106 
Top prints, 64 
Tootlied blocks for machine use, 

38,42 
Toothed segment, 220 
Tools, — for pattern-making, 2 

shop use, 169 — 163 

turning, 19 
Trammels, 220 
Truck centre for crane, 164 
Turn-over boards, 184 
Turbine buckets, 222 



Turbine, core-boxes for, 223, 224 

discs, 224 

guides, 224 

step, 226 
Taming, — allowances for, 232 

beads of pipes. 111 

between centres, 160 

c;^linders, 61 

hints on, 18 — 20 

pipes, 106 

xim of bevel-wheel, 30 

steady for, 106 

tools for, 19 
Typical forms of core-prints, 51 

Undbbcut edges,— on broken cast- 
ings, 236 • . 
columns, 126 
Useful studies, 242 

Valve,— globe, 215, 216 

safety, 230 

seatings, 230 

slide, 91, 92 
Variety in pattern work, 143, 240 
Varnish, — ^application of, 236 

as a cement, 233 

in metal patterns, 89, 237 

to make, 236 

use of, 236 
Vee-strips, 142, 190, 199 
Venting of cores and moulds, 67 
Versed sine, 221 
Vertical boilers, parts for, 231 

Wall drill, 194 
Warping of timber, 17 
Water-wheels, 217—221 
Wave wheels, 101 — 103 
Wedging of cogs, 45, 46 
Weight of cast-iron balls, table of. 

Appendix, 266 
Weight of cast-iron cylinders, 

table of. Appendix, 256 
Weights of castings, to estimate, 

126—132 
Wheels, — broken, to mould from, 
237 
diameters, &c., table of. Ap- 
pendix, 257 
arms of, 16, 24, 31 
bevel, 28—31. 40 
bosses of, 16, 38, 41, 150 
chain, 95 — 101 



870 



WlMbi-4«ifiiiBg of, 7—14 
ty.7S.8l 

mcUm, 97-43 

■acMnw, the cbange they 

bftTt effxted, 37 
»oitiM»4S— 48 
fiat 01,31 
riMATe, 95—103 
■pfoclwt.104 
•pur, 18, 27 
tMth of, 7—16, 22-24, 28, 38, 

38 
water, 217-221 
were, 101—103 



^Williflrs odantograph, 8 
Wooden dowel8» 156 

WocriMoh Axaenal, 240 
Workshop notes, 232 — 238 
Wonns,32 — 36 
Worn-wheels, 32 — 36 
Worn oastingfl, to mould from, 236 
Wrought-ircm arms, 82, 97 

eyes, 65 

sprockets, 103 

YzLLow pine for jMittems, 4 
metal for name-jilates, 233 



THE END. 
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and Water Supply. By J. Nevix-le, C.E., M.R.I.A. Thirri 
Edition, Revised and Enlai^ed, Crown Svo, 141. cloth. 



WORKS IN ENGINEERING, SUKVEVING, tTH 

Hydraulks. 

IIVDRAULIC MANUAL. ConsUlinc of Working Tables aid 
EnpltUUloiy Text Inlended as aGuidc in Hjrdianlic Calculation! 
noil KielJ Opentioiii. Cy Lowis D'A. Jackson. Foutlli 
Ediiinn, Rewritten and Ejihrged. Lan^ Cn>wD S*o. i6f. clotli. 

* We heanilf rEconvcw) ihk volbUM id bU who desire \a be acqliainlcd Willi Itir 

'-■ -■"-■opmeiit of this iBiporUBI nibiecl." — EngiHtcriiig. 

LctB tvHCht *>"*■'< of tbeuuMI recent practice- " — ^ntfiiiiam^ 

Rivtr Engineering. 

RIVER BARS: The Causes of their ronnaUon. and IheirTreal- 
ment Itf 'Induced Tiilol Scour,' wtlh 3 Description of the Successful 
Keiluction liy this Method of the Rar al Dublin. By I. J, MAN^, 

Ai'is, Eng. lo the Dublin Port unci Docki Board. Rl. Svo. 71, &/. cl. 

Levelling, 

A TREATISE on the PRINCIPLES and PRACTICE of 
LEVELLING; showing Iti Application to Purposes of Railway 
and Civil Engineering, in the Construclion of Roads ; with Mr, 
Telford's Rule* for [he same. By Frederick W. Siuhs, 
F.G.S., M. lost C.E. Siitb Edition, veiy carefully revised, with 
the addition of Mr. Law's Practical Examptes for Setting out 
Railway Curves, and Mr, Traittwine's Field Practice of Laying 
out Circular Curves. With 7 Plates and numerous Woodcuts. 8vo, 
&r. bd. clotii. \* Trautwine on Curves, separate, 5* 

Practical Tunnelling, 

PRACTICAL TUNNELLING : Explaining in detail ibe Setting 
out of the Works, SliaTt-sinking and Ueading-Driving, Ranging 
tbeLinesandLevellingunderGround, Sub- Excavating, Tinibmng, 
and the Conalruclion of (lie Brickwork of Tunnels with the amount 
of labour required for, and llie Cost of, the various portions of the 
work. By F. W. SiMUs, M. Inst. C.E. Third Edition, Revised 
and Extended. By D. Kimnbar Clajik, M.I.C.E. Imp. 8vo, 
with zi Folding Plates and muroerous Wood Engravings, 30J. doth. 

Civil and Hydraulic Engineering, 

CIVIL ENGINEERING. By Henry Law, M. IhsL C.E. 
Including a Treatise on Hydraulic Engineering, by George R. 
BvRNELL, M.I.C.E. Seventh Edition, Revis^, with lan;e addi- 
tions, by D. Kjnnear Clark, M. Inst, C,E, "js, kd,, doth. 

Gas-Lighting. 

COMMON SENSE FOR GAS-USERS : a Catechism of Gas- 
Lighting for Householders, Gasfilters, Millovmer;, ArdritetSs- 
Engineers, S:c. By R, Wilson, C.E. and Edition. Cr. 8vo, ar, 6/, 

I Earthwork. 

EARTHWORK TABLES, showing the Contents iu Cubic Yards 
of Embankntenls, Cuttings, &c., of Heights or Depths up to an 
average of 80 feet. By Joskph Broadbent, CE., and Francis 
Campik, C.E. Cr. Svo, oblong, Jj, clotli. 
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Tramways and their Working. 

TRAMWAYS : THEIR CONSTRUCTION aud WORKING. 
Embracing a Comprehensive History of the System, mlh an 
Exhaustive Analysis of the varioos modes of Traction, including 
Ilurse-poirer, Steam, Eleated Water, and Compressed Air ; 3, 
Description of the Varieties of Rolling Stock, and Ample Details 
of Cost and Working Expenses ; the Progress recently made in 
Tramway Construction, &c., iic. By D. Kinseak Clark, M. 
Inst. C. E. With over 200 Wood Engravings, and 13 Folding 
Plates. 1 vols. Large Crown 8vo, 30J. cloth, 

to the amhor's work ' RaLliray Machinery.'" — TMr Engauxr. 
thcac days of rapid change and proBreas." — £HffiHeerirtg, 

Steam. 

STEAM AND THE STEAM ENGINE, Stationary and Port- 
able. Being an Extension of Sewell's Treatise on Steam, By D. 
KiNNKAR Clark, M.I.C.E, Second Edition, ismo, 41. cloth. 

Steam Engine. 

TEXT-BOOK ON THE STEAM ENGINE. By T. M. 
GOODKVB, M.A., Barrlsler-at-Liw, Author of "The Principles 
of Mechanics," "The Elements of Mechanism," &c. Fifth 
Edition. With numerous Illustrations. Crown Svo, bs. cloth. 
"Mr. Goodeve's texc-book u a workof whicb every young eaglnccr ahouLd ^oi- 
Beo bJmselF-" — Mbtbi^ Journal, 

The High-Pressure Stea?!z Ettginc. 

THE HIGH-PRESSURE STEAM ENGINE. By Dr. Ernst 
Alban. Trai\slated from the German, with Notes, tiy Dr. Pole, 
F.R.S. Plates, Svo, l6r. &/,, cloth. 

Steam. 

THE SAFE USE OF STEAM : containing Rules for Unpro- 
fes.sional Steam Users. Byan Engiubbr. 5thEditioa. Sewed, 6(/. 
" If iteam-UMi« would but learn this little book by heart, boiler eiplasioni would 
became scnatioDS by theii ■m'a:).''— English ATichank. 

Mechanical Engineering. 

DETAILS OF MACHINERY; Comprising Instniclions for the 
Execution of various Works in Iron, in the Fitting-Shop, Foundry, 
and Boiler- Yard, By Francis CiiuriN, C.E, 31, 6rf. cloth. 

Mechanical Engineering. 

MECHANICAL ENGINEERING i Comprising MetalluiBy, 
Moulding, Casting, Forging, Tools, Workshop Machinery, Manu- 
factnre of the Steam Enginei ftc By F, Campin, C.E. jr, cloth, 

IVorks of Construction. 

MATERIALS AND CONSTRUCTION: a Theoretical and 
Practical Treatise on the Strains, Designing, and Erection of 
Works of Constniclion. ByF. Campin.C.E. lamo, J;.&/. cl, brds. 

Iron Bridges, Girders, Roofs, &c. 

A TREATISE ON THE APPLICATION OF IRON 
TO THE CONSTRUCTION OF BRIDGES, GIRDERS, 
ROOFS, AND OTHER WORKS. ByF.CAMPlH, CE, Iiimo,» 



h Works is ESGINtERlNG, SUkVCVIKC, ETC., 

Bridge Construction in Masonry, Timber, & Iron. 

EXAMPLES OF BRIDCTi AND VIADUCT CONSTRUC- 
TION IX MASONRY", TIMBER, AND IRON; consistine of 
46 Hatcf frttn the Contiad Dnuings or Admeasurement of ^nt 
WotVi. Bjr W. Davis Haseoll, C.E. Second Edieaa, with 
IlKiddiiionof j54EsIiin*ln, and the Practice of Setting out Woiks, 
irilh hyt^a of Dutgruni. Imp. 4to, a/. 11/. hd. balf> morocco. 
" A v«(k el lh( fRKBl uniR by 1 Hia of Mr, Huskoira erpcricsa, miuL [Ton 
ianhuUt Tht ubtu orcHiauoa aHuiilt»b)]r mluDctlu valiw. '— JgufwwiMf . 

0bliqM4 Bridgts. 

A PRACTICAL u>d THEORETICAL ESSAY on GBUQUE 
BRIDGES, with 13 Uigc Plate*. Bjf the laic Geo. Watsob 
BUCICM.I.C.E. Third Edition, rcvittdby bis Son, J. H, Watjon 
Bl'CK, M.I. C.E. ; and with the addition of Descnpliun to Dia- 
eiams tor Facilitating the Coiutmciion of Oblique Bridges, bf 
W. H. Baklow.M.I.C.E. Royal8v(^i7j.cloth. 
'*Thv luodani tent book f« all agincoi refirdmg ^ew archc&.">-J^qfwu^. 

Oblique Arches. 

A PRACTICAL TREATISE ON THE CONSTRUCTION ol 
OBLIQUE ARCHES. ByJniiN Hart. 3rd Ed. Imp. 8vo,8x.doth. 

Boiler Constmetion. 

THE MECHANICAL ENGINEER'S OFFICIC BOOK: 
Boiler Conitruction. By Nj-m.son J^'olhy, Cardiff; late Assislanl 
Manager Palmer's Engine Works, Jarrow. With 29 full-page 
I.ilbographic DJagranu. Folirt, an. half-boimd. 

Locomotive-Engine Driving, 

LOCOMOTIVE-ENGINE DRIVING : a Practical Mantial tbr 
Engincet* in chaise of I.ocomotive Engines. By Michael 
Reynolds, M.S.E. Si slh Edition. Including A KEY TO THE 
LOCOMOTIVE ENGINE. With Illustrations. Cr-8vo, 4^,6,/. cL 

" Mr. RcyDoltU hu tupi^lctt ■ vant, add has supplied U wdL" — £n^tu99'. 

The Engineer, Fireman, and Engine-Soty. 

THE MODEL LOCOMOTIVE ENGINEER, FIREMAN, 
AND ENGINE-BOY. By M. Reynolds. Crown 8vo, 41. ti. 

Stationary Engine Driving. 

STATIONARY ENGINE DRIVING. A Practical Manual for 
Engineers in Charge of Stationary Enrincs. By Michael Rey- 
nolds. Second Edition, Re\*ised and Enlarged. With Plates and 
Woodcuts. Crown 8vo, 4J. 6d. doth. 

Engine-Driving Life. 

ENGINE-DRIVING LIKE ; or Stirring Adventures and Inci- 
dents in the Lives of Locomotive Engine-Drivers. By Michael 
REYNOi.ns, Eighlli Thnnssnd. Crown Svo, aj. cloth. 

Continuous Railway Brakes. 

CONTINUOUS RAILWAY BRAKES. A Praclical Treatise on 
the several Systems in Use in the United Kingdom; their Construc- 
tion and PerTormsnce. With copious llliuirations and numerooi 
Tables, By Michael Retvolds. Large Crown Svo, 91. clc^ 
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Construction of Iron Beams, Pillars, <2fc. 

IRON AND HEAT ; exhibiting tbe rrinciples concerned in llie 
eonslruction of Iron Beams, Pillar^ and Bridge Girders, and the 
Action of Heat in Ihe Smelting Furnace. ByJ.ARMOUK, C.E. 3J. 

J^ire Engineering. 

FIRES, FIRE-ENGTNES, AND FIRE BRIGADES. With 
a History of Fire-Engines, their Construction, Use, and Manage- 
ment; Remarks on Fire-Proof BuQdings, and the Preservation of 
Life from Fire j Statistics of the Fire Appliances in English 
Towns ; Foreign Fire Systems; Hints on Fire Brigades, &c., &c 
By Chakles F. T. Young, C.E. Demy 8to, U. ^. cloth. 

Trigonometrical Surveying. 

AN OUTLINE OF THE METHOD OF CONDUCTING A 
TRIGONOMETRICAL SURVEY, for the Formation of Geo- 
graphical and Topographical Maps and Plans, Military Recon- 
naissance, Levellii^, &c., with the most useful Pioblems iii Geodesy 
and Practical Astronomy. By Lieut. -Gbn. Frome, K.E., late In- 
spector-General of FortiHcations. Fourth Eilition, Enlai^ed, and 
partly Re-wrilien. ByCAFTAiN Charles Warren, R.E, With 
19 Plates and 115 Woodcuts, royal Svo, i6j. cloth. 

Tables of Curves. 

TABLES OF TANGENTIAL ANGLES and MULTIPLES 
for setting out Curves from 5 to 200 Radius. By Alexandek 
Beazelbv, M. Inst C.E. Third Edition, Printed on 48 Cards, 
and sold in a cloth box, waistcoat-pocket size, 3/. td. 
' ■ Each table is printed on 3 ^mall card, which, being phiced on the tfandolilo, leaves 






it behind. "- 



Pioneer Engineering. 

PIONEER ENGINEERING. A Treatise on the Engineering 
Operations connected with the Settlement of Waste Lands in New 
Countries. By Edward Dobson", A.LC.E. With Plates and 
Wood Engravings. Revised Edition. Ilmo, 51. cloth. 
*' A wDrkmatil^e productidn, and one without posseii^D of which no man^ould 

Engineering Fieldwork. 

THE PRACTICE OF ENGINEERING FIELDWORK. 
applied to Land and Hydraulic, Hydrograpliic, and Submarine 
Surveying and Levelling, Second Edition, revised, with consider- 
able additions, and a Supplement on WATERWORKS, SEWERS. 
SEWAGE, and IRRIGATION. By W. Davis Haskoll, C.E 
Numerous folding Plates. InlVol,, demy Svo, \l. 5;., cl. boards. 

Large Tunnel Shafts. 

THE CONSTRUCTION OF LARGE TUNNEL SHAFTS. 
By J. H. Watson Bucic, M. Inst. CE., &c. Illustrated with Fold- 
ing Plates, Riwal Svo, \3J. clolh, 
" Mapy of the methMb mven are of eitrsme pracdral vain 

obwrviUOBi on iheSma olnreh, the rules for gidering Ihe ; ._ „ 

lion ti Ihi templaui, will be found of considenble lue. We commEnd the tnok ta i_ 
th?.profi!»'-- --' - -" -^- ■-- '-■"-' -■-■'-- -•-- " "-■"-■- "■— ^" 
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Surety Practiet, 

AID TO SURVEY PRACTICE: fi>r Refeieiice in Satvc^BS^ 

LcTtlUng, Settin^DUl and in Roule Surveys of Tfarellcra bf Land 

■od Sm. Wiih Tables, IllnsUieioni, and Recocds. Bj- Lown 

D'A. Jackson, A.-M.I.C,E. Aalhor of " itjdrRiilic Maooal ind 

SUUillai," Ac. Large crown 8vo, 12F. ftd., clotli. 

" M', Udrva Iw Ikad amch aai varivd tuperienc* in fieJd feosk. and sooe Liv>^ 

Met s( WJliukllic, •»! h< hu ulilimj both ihns acqilileincDH wi(b > vce; bkM 

rtnlL TTw voluRw oiven ihe pouaJ il otcui»cs wry ihonjughly."— £^*»>wiw. 

Sanitary Work. 

SANITARY WORK IN THE SMALLER TOWNS AND 
IN VILLAGES. Comprising:—!. Snine of the more Common 
Konos or NuUance and iheir Remedies ; 2. Draiiuge \ 3. Waier 
Sopply. By CitAs. Slagc, Assoc M. InitC.E. Second Edilion, 
Revised and Enlargod. 3/. Sd., dulb boards. 
"T)i<> bonk conlaini ill lluE inch ■ trialse tan be cipeclcd id cuntun, ind u 
vmnd and mmwDnhy in cvny pAniculBr-" — BmtJir, 

Gas and Gasworks. 

THE CONSTRUCTION OK GASWORKS AND THE 
MANUFACTURE AND DISTRIBUTION" OF COALGAS. 
OrttlnaliywrilteiibyS. IIuoHES. C.E. Si nth Edition. R« 
and enlarged, by W. Richards, C.E. iinio, 5J. clolh. 

Waterworks for Cities and Towns. 

WATERWORKS lor the SUPPLY of CITIES and TOVL 
wllh *. Description of the Principal Geological Formations of 'a 
land as infiaenoing Supplies of Water. By S. IltraHKs, 4J.6/. (f 

Coal and Speed Tables. 

POCKET HOOK OF COAL AND SPEED TAULEsJ 
Engineers ami SI cam -Users. )ly Xei.son Folev, Aulh* 
•■ Boiler Construe linn." Wearly n 

Fuels and their Economy. ^^ 

FUEL, its Combustion and Economy ; consisting of an Abn^^^ 
mentof "A Treatise on the Combustion of Coal and the Prevention 
of Smoke." Ry C. W. Wll.UAMS, A.I.C.E. With eslensive 
additions on Recent Practice in tlie Combustion and Economy of 

4/. doth 




Roads aftd Streets. 

THE CONSTRUCTION OF ROADS AND STREETS. 
Two Parts. I. The Art of Constructing Common Roads. By 
Uensv X.AW, C.E. Revised and Coodensed. II. Recent 
Practice in the Constmction of Roads and Streets ; including 
Pavements of Stone, Wood, and Asphalte. By D. Kinnkak 
Clark, M. Inst C.E. Secoad Edit., revised. limo, 51. cloth. 
■' ' ■■- '; which e»eiybproiiEh suneyor ajid enBineet mnil pouess, and orcmui. 
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Locomotives. 

LOCOMOTIVE ENGINES, A Rudimentary Treatise an. Com- 
prisring an Hialorical Sketch and Description of the Locomotive 
Engine. By G. D. Demfsev, C.EX With large additions treat- 
ing of the Modern Locomotive, by D. Kinnbar CijIkk, 
M. Inst. C.E. With lilustrations. lamo. "ii. fid., cloth boards. 
■■ The stadenl cannot Ibil to profit largely by attopling this as his pfdimiiiarj leit- 
■^wV-'—lrm mtd Co^ T-nda Rivirw. 

Field- Book for Engineers. 

THE ENGINEER'S, MINING SURVEYOR'S, and CON- 
TRACTOR'S FIELD-BOOK. By W. Davis Haskoll, C.E. 
Consisting of a Series of Tables, with Rules, Explanations cpif 
Systems, and Use of Theoiiolile for Tmveise Surveying and Plotting 
the Work with minute accuracy by means of Straight Edge and Set 
Square only; Levelling with the Theodolite, Casting out and Re- 
dncing Levels to Datum, and Plotting Sections in the ordinary 
manner; Setting out Curves with the Theodolite by Tangential 
Angles and Multiples with Right and Lelt-liand Readings of the 
Instrument; Setting out Curves without Theodolite on the System 
of Tangential Angles by Sets of Tangents and OUsets ; and Earth- 
work Tables to 80 feet deep, calculated for eveiy 6 inches in depth. 
With numerous Woodcuts. 4.th Edition, enlarged. Cr. 8vo. I2j. cloth. 

"Thi! book iivery liandy, iBd Ihtauihor nuBl" liave added Ihal the scparsfc lahlei 

Earthwork, Measurement and Calculation of. 

A MANUAL on EARTHWORK. By Ai-Ex, J. S. Gbajtam, 
C.E With numerous Diagrams. iSmo, w. W. cloth. 
" A£ a really bandy book for reference, we (mow of no voric equal to it x ^wl [he 
railway engineen and otherq employtid In the nmsur^^mcnl and calculation of eartti- 

avaiUble for general or rough estimala, aa well as for the moie exact calculatioiu 
required in the engineers' coiiCnictDr'safficcL*''*j4r'uar(. 

Drawing for Engineers. 

THE WORKMAN'S MANUAL OF ENGINEERING 
DRAWING. By John Maxton, Instructor in Engineering 
Drawing, Royal Naval College, Greenwich, formerly of R. S. N. A., 
South Kensii^on. Fifth Edition, carefully revised. With upwards 
of 300 Plates and Diagrams. laino, cloth, strongly bound, 4/. 

'■ A copy of it should be kept for reference in every drawing odioe."— £b^~««>(. 

^* Imlispensable for teachers of engineering drawing."— jtf«A*<*:j' Ufagaiine. 

Weale's Dictionary of Terms. 

A DICTIONARY of TERMS used in ARCHITECTURE, 
BUILDING, ENGINEERING, MINING, METALLURGY, 
ARCHEOLOGY, the FINE ARTS, &c. By JuHN Weau, 
Fifth Edition, revised by Robert Hunt, F.R.S., Keeper of Mining 
Records, Editor of " Ure's Dictionary of Arts. " limo, 6j. d. h ' 

" The beic small technolo^cal dictionary' in the language."- ' 

" The nbsalula accuracy of a work of Ibu character can on 
tilensive consultUion, and from our eiunioitiDn it appears 1 
■ " 'finiits Jintmal, 
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MINING, METALLURGY, ETC. 
Metalliferous Mining. 

imiTISH MININO. A Treatise on tbe Ilb-loiy, Discover)', 
I'ratiicnl Devclopmcni, and Future Prospects of Metallirtrous 
Mines in the United Kingclom. By Robert HrisT, F.R.S., 
Keeper of Mining Records ; Editor of " lire's Diclion«ry of Arts, 
Mtnufaeiures, and Mines," &c. Upwards of 950 paces, with 230 
IlluMniiiiins. Super roj-nJ Svo. /j y. cloib. \^iit /<i4l>liihal. 

apT«r\ likely lo copttiy more in«(nic1i-jn upoii Ihe 5ubj«:i ihiui any vrurk hiihcna 
publiahed,"— .Uitii^g JahfhuI. 

Coal and Iron. 

THE COAL AND IRON INUUSTRIES OF THE UNITED 
KINGDOM : compriiing a Description of the Coal Fields, and of 
Ibe Priiicipil Seami of Coni, with returns of their Produce and its 
Distribuilon, and Analyses of Special Varieties. Also, an Account 
of the occurrence of Iron Ores in Veins or Seams ; Analyses of 
each Variety 1 and a History of the Rise and Progress of Pig Iron 
ManufBCturc since the year 1 740, cihibiting the economies intro- 
duced in the Blast Furnaces for its Production and Improvement. 
By Richard Mkade, Assistant Keeper of Mining Records, Willi 
Maps of the Coal Fields and Ironstone Deposits of the United 
Kii^om. 8vo., £\ %s. cloth. 

Metalliferous Minerals and Mining. 

A TREATISE ON METALLIFEROUS MINERALS AND 
MINING. ByD. C. Daviks, F.G.S. With Numerous Wood 
Engravings. Second Edition, revised. Cr. Svo, la/. 6rf. doth. 
" Wilhoul qunlxHi. Ihc nuet gxfaeiuti'ie and the iihbI pru^tically useliil work we 

Md'lJSiibLy.'— °«l»iV y™™'-"" "" " "^""^ ' 

Earthy Minerals and Mining. 

EARTHY AND OTHER MINERALS, AND MINING. 
I)y D. C. Davies, F.G.S. Unifoim with, and forming a com- 
panion volume to, the same Author's " Metalliferous MineraU and 
Mining." With numerous 111 asl rations. \Nearly ready. 

Slate and Slate Quarrying. 

A TREATISE ON .SLATE AND SLATE QUARRYING, 
Sciendfic, Practical, and Commercial. By D. C. Davies, F.G.S. 

lllustrateii. Second Edition, revised, y. dd. cloth. 

Metallurgy of Iron. 

A TREATISE ON THE METALLURGY OF IRON : con- 
taining Outlines of llie History of Iron Manufacture, Methods of 
Assay, and Analyses ot Iron Ores, Processes of Manu&cture ol 
Iron and Steel, Sc. By H. Bauebman, F.G.S. Fifth Edition, 
Revised end Enlaiged, lllHstratcd, 51. dil., clolh. 



Mining, Surveyiiig and X^aluing. 

THE MINERAL SURVEYOR AND VALUER'S COM- 
PLETE GUIDE, comprising a Treatise on Improved Mtaing 
Surveying, with new Traverse Tables ; and Descriptions of Im- 
proved liislmmenls ; also an Exposition of the Correct Principles 
□f Laying out and Valuing Home and Foreign Iron and Coal 
Mineral Properties. By Wji-liam Lintbrn, Mining and Civil 
Engineer. With four Plates of Diaip-ams, Plans, &c. llmo,4J. cloth. 
•," Also, bound with Thi'Jian's Tables, "js. &/. (See page 20.) 

Coal and Coal Mining. 

COAL AND COAL MINING. By Wakinutun W. Smvth, 

M.A., F.R.S., &c., Chief Inspector of the Mines of the Crown. 

Fifth edition, revised. 41. cloth. 

"Every panion of Ihe vdIudie appFont 10 liflTO been prepared wilh ipucti CAre, and 

as an ouruDe Es fiven of Dvew Ioidwd coal-fieSd m Ihk snd atho- counEries, u ^vell u 

□f UiB two prindpal methods of workijig, Iho book will dcmbLtes intereat a very 

Underground Pumping Machinery. 

MINE DRAINAGE ; being a Complete and Practical Treatise 
on Direct-Acting Underground Steam Pumping Mactuneiy, with 
a Description of a large number of the best known Engines, Iheir 
General UtOi^ and the Special Sjihere of their Action, the Mode 
of their Application, and their merits compared with other forms of 
Tumping Macliinery. By Stephen Micheli- Svo, 15J, cloth. 

Manual of Mining Tools. 

MINING TOOLS. By W. Mokgans. Text, lamo, 3^. AUm 
of 33s lUusttaUoos, 4to, (a. Together, gj, doth. 



NAVAL ARCHITECTURE, NAVIGATION, ETC. 
Pocket Book for Naval Architects& Shipbuilders. 

THE NAVAL ARCHITECT'S AND SHIPBUILDER'S 
POCKET BOOK OF FORMULA, RULES, AND TABLES 
AND MARINE ENGINEER'S AND SURVEYOR'S HANDY 
BOOK OF REFERENCE. ByCLEMENT Mackkow. M. Inst, 
N. A., Naval Draughtsnian. Second Edition, revised. With 1 
numerous Diagrams. Fcap,, lu. bd., strongly Iwund in leather. 
" Should be used by all whs ire ng^Ecd in Ihe coiutnicuon di dedgD of veuelt.' 

Uieful volumJ'-.^/WnS!'" """ "" """^ °"" 

Pockel-Book for Marine Engineers. 

A POCKET-BOOK OF USEFUL TABLES AND FOR- 
MULA FOR MARINE ENGINEERS, By Frank Proctob, 
A.I.N.A. ThinI Edition. Royal 3amo, leather, gilt edjges, 41. 
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Grantham's Iron Skip-Building. 

ON IRON SHIP-BUILDING; with Pr«c«aa Esamplci and 
Deuili. ByJoHN Grantham, M. Iqsl C.E., &c. Fifih Edition. 
40 PJates. Imp. 410, bdi., MUh s^arste Text, 2/. is. complete. 

Ligkt-H(mses. 

EUROPEAN LIGHT.HOUSE SYSTEMS; being a Report of 
a Tour of lospecilon nuid< in 1S73. B7 Major Geckcb.A' 
Elliot, Corps of Enginecra, U.S.A. Illustrated by 51 
etariiigs uid 31 Woodcuts in the Text. 8vo, 2U. clolb. 

Storms. 

STORMS ; Ihdr Naiiire, C!a5^ificittion, and Laws, with 'Cbk 
Means of Predicling them by their EmlKidiments, the Clouds. 
lly William Blasii's. Crown Svo, lOii, dd. cloth boards. 

Rudimentary Navigation. 

THE SAILOR'S SEA-BOOK: a Rudimentary Treatise 
ption. By James Ghkehwooi', B.A. New and enlai^ed e 
By W. H. RossER. l2mo, 31, cloth boards. 

Mathematical and Nmitical Tables. 

MATHEMATICAL TABLES, for TriEDnomelricaljAslronomical. 
and Nautical Calculations ; to which is prelixed a Treatise on 
Logarithms. By Heskv Law, C.E. Together with a Series of 
Tables for Navigation and Nautical Aslronomy. By Pro' 
J. R. Young. New EditioD. umo, 41. cloth boards. 

Navigation {Practical')^ with Tables. 

PRACTICAL NAVIGATION: consisting of the SnUor's 

Boiik, by James Gkeenwuod and W. H. Rosser ; together 
with the requisite Mathematical and Nautical Tables for the Work- 
ing of the Problems. By Henrv Law, C.E,, and Professor 
J. R. YtiUKC, Illnstraled. lamo, 7r.Ktrongly half-bound in leather. 



WEALE'S RUDIMENTARY SERIES. 
Thefollirmng books in Haval Arckitectare, etc., are piblUhfd it 

NAVIGATION i. 

AND PRAC 

Including the Requisite Elements from the Nautical Almanac for 

Wotting the Problems, ijmo, ar. dd. cloth. 
MASTING, MAST-MAKING, AND RIGGING OF SHIPS. By 

RoBKKT Kipping, N.A, Fifteenth Edition. lamo, ar, 6(C doth 
SAILS AND SAIL-MAKING, Tenth Edition, enlai^'ed. Ej 

Robert Kipping, N.A. Illustralcd. lamo, 31. cloth boat^s. 
NAVAL ARCHITECTURE. By JjIMES Peakb. Fifth 1 

with Plates and Diagrams. ISmo, 4r. cloth boards. 
MARINE ENGINES, AND STEAM VESSELS. By 1 

Murray, C.E. Eighth Edition. [/n/i^ra 
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ARCHITECTURE, BUILDING, ETC. 
Construction. — — 

THE SCIENCE of BUILDING ! An Eleraentsiy Treatise on 
the Principles of Construction, Ey E. Wvndham Tarn, M.A. 

Second Edition, revised, with 58 Engravings, price ^s. bj, 

" No irchiuclural siudent shDuid be wiOiuul Ihii taDd-'lioa'k."^Arc&iiec!. 

Civil and Ecclesiastical Building, 

A BOOK ON BUILDING, CIVIL AND ECCLESIASTICAL, 
incladinc Church E]iSTOR.iTiof). By Sir Eumund Beckett, 
Bart., LL.D,, Q.C., F.R.A.S. iimci, 5j, cl oil boards. 

"A book which Lb alvayh amliUDf Biid at^irly always imCTUcHve. We nre ablf 

Villa Architecture. 

A HANDY BOOK of VILLA ARCHITECTURE ; being a 
Series of Designs for Villa Residences in various Styles. With , 
Outline Spccili cations and Estimates. By C. WiCKES, Architect. 
30 Plates, 4to, half morocco, gilt edges, U, \s. 
*,* An Enlarged Edition, with 61 Plates. 2/. ar, half morocco. 

Useful Text-Book for Architects. 

THE ARCHITECT'S GUIDE : A Teit-boolt for ArcLilecls, 
Clerks of Works, &C, By F. Rogers, Cr. 8vo, 61. 

The Yourtg Architect's Book. 

HINTS TO YOUNG ARCHITECTS. By G. Wiohtwick. 
New Edition. By G. H, Guillaume. lamo, cloth, 4J. 

Drawing for Builders and Students. 

PRACTICAL RULES ON DRAWING for the OPERATIVE 
BUILDER and YOUNG STUDENT in ARCHITECTURE. 
By George Pvnk. With 14 Plates, 4ta, ^s. 6d. boards, 

Boiler and Factory Chimneys. 

BOn.ER AND FACTORY CH IMNEYS j their Draught -power 
and Stability, with a chapter on Light ning Conductor j. By Robert 
Wilson, C.E. Crown 8va, 3j. 61/. cloth. 

Builder's aTid Cofitractor's Price Book. 

LOCKWOOD & CO.'S BUILDER'S AND CONTRACTOR'S 
PRICE BOOK, containing the latest prices of all kinds of Builders' 
Materials and Labour, &c. Revised by F. T, W. Miller, 
A.R.I.B.A. Half-bound, 4/. 

Stone-working Machinery. 

STONE.VVOKKING MACHIKERY, and the Rapid and Eco- 
nomical Conversion of Stone. With Hints on the Arrangement J 
and Management of Stone Works. By M. P0W15 Bale, M, l.M.E, 1 
A.M.I.C.E. ' jNtar/y ready. { 



Taylor and Cresy's Rome. 

THE ARCHITECTURAL ANTIQUITIES OF ROME. B^ 
the late G. L. Tavlok, Esq., F.S.A-, and Edward Cresv, Esq. 
New Edilioti, EJited hy the Rev. Alexander Taylor, M.A. (son 
nl tbeUtcG. L. Taylor, Esq.) TKit b the only book wUch gins 
on a large scale, ind with the precision of architectural tneasurc- 
menl, Ihc principal Moannients of Ancient Rome in plan, elevation, 
anil delill. Large folio, with 130 Plates, half-bound, 3/. 3/, 
*,* Originally pubhshed id two Tolmnes, folio, at 18/. iZt. 

Vitruviu^ Architecture. 

THE ARCHITECTURE OF MARCUS VITRUVIUS 
rOLLIO, Translated \sf Joseph Gwilt, F.S.A., F.R.A.S. 
Numcniiu Pklci. izmo, cloth limp, Jr. 

Ancient Architecture. 

RUDIMENTARY ARCHITECTURE (ANCIENT); com- 
priiing VITRUVIUS, trsmlotcd by Joseph Gwilt. F.S.A., 
Sc, wilh %i fine plates ; and GRECIAN ARCHITECTURE. 
By the Earl of Aberdken ; tsmo, &., half-bound, 
* The fnly edition ef VITRUVIUS prBmrabU at a modtraU price. 

Modem Architecture. 

RUDIMENTARY ARCHITECTURE (MODERN) ■ com. 
prising THE ORDERS OF ARCHITECTURE. By W. H. 
Leeds, Esq. i The STYLES of ARCHITECTURE of VARIOUS 
COUNTRIES. By T. Talbot Bury ; and The PRINCIPLES 
of DESIGN in ARCHITECTURE, By E. L. Garbbtt, 
Numeroiu illustrations, lanio, Gj. bolf-bomid. 

Civil Architecture. 

THE DECORATIVE PART of CIVIL ARCHITECTURE. 

By Sir Willlam Chambers, F.R.S. With Illustrations, Notes, 
andan Examination of Grecian Archilecliire. By Joseph Gwii 1', 
F.S.A, Edited by W. H, Leeds, 66 Plates, 410, %\s. 

Hoiise Painting. 

HOUSE PAINTING, GRAINING, MARBLING, AJID 
SIGN WRITING: a Practical Manual o£ With o Coloured 
Plalcs of Woods and Marbles, and nearly 150 Wood EngraviiigE 
ByELLi3A.DAVJDS0N. Third Edition, Revised. I2mo,&r,d^. 

Plumbing. 

' PLUMBING ; aText-book to the Practice of the Art or Craft of the 

Plumber. With chapters upon I louse -drainage, embodying the 
latest Improvements, By W. P, Bucuan, Sanitary Engineer. 
Fourth Edition, Revised, with 330 illustrations, izmo. ^r. cloth. 

yoints used in Building, Engineering, &c, 

THE JOINTS MADE AND USED BY BUILDERS in the 
construction of various kinds of Engineering and 'Arcliilectural 
works, «'ilh especial refeience to those wrought by artificers in 
erecting and finishing Habilable St .»..'. " — 

Architect. With t6a Illustrations, 



PUBLISHED BY CROSBT LOCKWOOD & CO. 
Handbook of Specifications. 

THE HANDBOOK OF SPECIFICATIONS ; or, Pnctical 
Guide to thE Architect, Engineer, Surveyor, and Builder, in drawine 



up Speciflcations and Contracts for Works and Constnictions. 
Illustrated by Precedents of Buildings actually executed by eminent 
Architects and Enpneers. By Professor THOMAS L. Donald- 



, M.LB.A. New Edition, in One large volume, 8vo, with 
upwards of looo p^es of text, and 33 Plates, cloth, \l. Ilr. 61^. 
" In Ihii work foRy-faiir siiedticatiDni of exuuicd w«ki uc given. . . . Doudd- 
(on't Haitdbaok of Spiiciliulioni rauit be bouKht by lU uchiucu."— itniUrr. 

Specifications for Practical Architecture. 

SPECIFICATIONS FOR PRACTICAL ARCHITECTURE; 
A Guide to the Architect, Eneincec, Surveyor, and Builder ; with 
an E$3By on the Structure and Science of Modem Buildings. By 
Frederick Rogers, Architect. 8va, 15^. cloth. 
*t* A voliime of spetzLficBtiDiis of A practrcal ch^jBCtcr bciHEEreally required, and [he 

old aundard work of Alfred Banholumew being out of ptint, the Bulhor, on the baai^ 

of [hit work, bu produced lh= above.— £^fracr fmm Prifwi. 

Designing, Measuring, and Valuing. 

THE STUDENT'S GUIDE to the PRACTICE <rf MEA- 
SURING and VALUING ARTIFICERS' WORKS j containing 
Directions lor taking Dimensinns, Abstracting the same, and bringing 
the Quantities into Bill, with Tables of Constants, and copious 
Memoranda for the Valuation of Labour and Materials in the re- 



Edition, Revisc<l, with considerable Additions on Mensuration and 

Constructian, and a new chapter on Dilapidations, Repairx, and 

Contracts. By E. Wvndham Tarn, M, A 91. \yuslpHbUshcd. 

" Till mui ccunplile treui»nn the principle of mEOEUriag anil valuini; artiticer^ 

work Ihoi hns yei bctn published."— i'liiVrfi'if AVicj, 

Beaton's Pocket Estimator. 

THE POCKET ESTIMATOR FOR THE BUILDING 

TRADES, being an easy nnethod of estimating the vaiious patli 
of a Building collectively, more especially applied to Carpenters' 
and Joiners' work. By A. C. Beaton. Second Edition. 
Waistcoat-pocket size. U. 6,1. 

Beaton' sBuilder^ and Surveyors' Technical Guide. 

THE POCKET TECHNICAL GUIDE AND MEASURER 

FOR BUILDERS AND SURVEYORS: eonUinlng an Expla- 
nation of the Terms used in Building Construction, Directioos for 
MeaiuringWork, Useful Memoranda, &c. ByA.C.BEATON, it.td. 

The House-Owner's Estimator. 

THE HOUSE-OWNER'S ESTIMATOR; or, What wiU it 
Cost to Build, Alter, or Repair ? A Price-Book for Unprofes' 
siooaJ People, Architectural Surveyors, Builders, 4c. By the late 
James D. Simon. Edited by F. T. W. Miller, A.R.LB.A. 
Third Edition, Revised, Crown Svo, 3*. &/.,_ cloth. 
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CARPENTRY. TIMBER, ETC. 

Tredgolits Carpentry^ new and cheaper Edition. 

, TiTe ELKMLNTARY 1'RtNCiri.ES OK CARPENTBV, 

■ TxattM on ih* Picuure and Eqiitlibiiuin of TunlwT Pnnilnf, tliF 

KoiitanM of Vnnl^r, ind ihe Cotui ruction of Floon, AidiB, 

KriilMa, Roofi, l/nltin); Inui iiid Suine with Timber. Ac Towhkli 

11 vidtd an Ymxj on llie Nmuk anil I'>nprrtic« of Timber, Ac. 

wlUi l>«icripliaa* of ihc Kimlt of Wowl used in Bnililii^; ibi 

nuRwroui Table* of the Scantlinci of Timber (or iJiflcTent pniposei, 

the Spedftc Gnvitjci of MatttinTi, &c. IW Tiiumas T^kdcold, 

C.tl Edltal b7 TxTtK Baklow, F.R.S. FilUi Edtikm, car- 

rrrftil anil cnlargeil. With 64 rialei, Fanrail of tbe Author, ami 

Wooilculs. 4lfl| published at il. u., reduced to I/. $/. doth. 

"A wuk irhoH naniliBEBBl siodleiin miul eommcBil it isliereva ikiUul cv 

p«liy >• cmKcnied. Ttia Aultu't pnndplH ut ntlm coniinaed than inipaiml bf 

diu. 1^ tdililiaMl tiMta m a( eibU idUuihc oluE."— AfiUlriv Wnur. 

Grandy's Timber Tables. 

THE TIMBER IMPORTER'S, TIMBER MERCHANTS, 

& BUILDER'S STANDARD GUIDE. By R. E, Gkakdv. 

2nd Edilion. Cardully revised and corrcetcil. lamn. jj, td. dolii. 

■' KvoyLhing li lavlcBdi to be : buill up fndually. il Itadi one frDm m Sana, u t 

cuLem^ Sc— all ibit'iiie dim 10 wtcun il appeiu rtquuH."— f sfAjA AfAAwi^. 

Timber Freight Book. 

THE TIMBER IMPORTERS' AND SHIPOWNERS- 
FREIGHT BOOK ; Being a Compiebensive Series of Tables for 
tilt Use of Timber Imponets, Captains of Ships, Shipbrokers, 
Builders, and Others. By W. Richabdson. Crown 8vo, &. 

Tables for Packing-Case Makers. 

PACKING-CASE TABLES ; showing tbe number of Snperfidftl 
Feet in Boies or Paclcing-Casea, from six inches square txA 
upwards. By W. RichakDsoH. Oblong 410, jr. td. doth. 

*■ lavahiablc LiibfHir.^vuv lablei."' — Iranmottgrr- 

Carriage Building, <Sfc. 

COACH BUILDING; A PracUcal Treatise, I Ibtorical and 
DcEcriplive, containing full information of the various Trades and 
Processes involved, wiHi Hints on the proper keeping of Carnages, 
&c, 57 Illustrations. By James W. Burgess, lamo, jr. doih. 

Horton's Measurer. 

THE COMPLETE MEASURER; setting forth tbe Measure- 
ment of Boards, GIoes. &c. ; Unequal- sided, Square-sided, Oc 
tagonal -sided, Round Timber and Stone, and Standing Timber. 
Also a Table showing the solidity of hewn or eight-sideil timber, 
or of any octagonal -sided column. By Richard Horton. 
Fourth EdiL Wiui Additions, izmo, strongly bound io leather, 5/. 

Morton's Underwood and Woodland Tables. 

TABLES FOR PLANTING AND VALUING UNDER- 
WOOD AND WOODLAND ; also Lineal, Superficial, Cubical, 
and Decimal Tables, &c. By R. Hokton. latno, zr. leather. 



PUBLISHED BY CROSBY LOCKWOOD & CO. t^ 
Nic/iolson's Carpenter's Guide. 

THE CARPENTER'S NEW GUIDE ; or, BOOK of LINES 
for CARPENTERS: comprising aJl the Elementaiy PraciplM 
essenlial for acquiring a knowledge of Carpentry. Founded on llie 
Inle Phter Nicholson's standi work. A new Edition, revised 
by Arthur Ashfitel, F.S.A., ti^ether with Practical Rules on 
Drawing, by Georgb Pynk. With 74 Plates, 410, il. is, cloth. 

Dowsing's Timber Merchant's Companion. 

THE TIMBER MERCHANT'S AND BUILDER'S COM. 
PANION ; contuning New and Copious Tables of the Reduced 
Weight and Measurement of Deals and Battens, of ajl sizes, from 
One to a Thousand Pieces, also the relative Price that each size 
bears per Lineal Fool to any given Price per Petersburgh Standard 
Hundred, &c., &c. Also a variety of other valuable information. 
By W, Dowsing, Third Edition. Crown Svo, 31. 

Practical Timber Merchant. 

THE PRACTICAL TIMBER MERCHANT, beinc a Guide 
for the use of Building Contractors, Surveyors, Builders, &c., 
comprising useful Tables for all purposes connected with the 
Timber Trade, Essay on (lie Strength of Timber, Reroarlts on the 
GrowthofTimber, &0. By W. Richakdson, Fcap, Bvo, 31. 6rf, cI. 

Woodworking Machinery. 

WOODWORKING MACHINERY j its Rise, Progress, and 
Construction. With Hints on the Management of Saw Mills and 
the Economical Conveision ofTimber. Illustrated with Examples 
of Recent Designs by leading English, French, and American 
Engineers. By M. PowisBale, M.I.M.E. Crown Svo, I2j. erf. d. 
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Saw Mills. 

SICN MILLS, THEIR ARRANGEMENT AND MANAGE. 
MENT, AND THE ECONOMICAL CONVERSION OF 
TIMBER. (Being a Companion Volume to "Woodworking 
Machinery.") By M. Powis Bale, M.LM.E, With numerous 
Illustrations, Crown Svo, las. dd,, doth. 
*■ The lutHei l> favourably knowo hriiLiroinicrHiHk dd ' WoodKorVbg Mii:hi- 

nery,' of which we woe able to speak appmviogly. This !s ■ -'' — ^ 

ia which tbe admini'traiipH of a Urge sawrai vtabliBhoiFtil ii 
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WORKS IN MECrtANICS t-TCj 



MECHANICS. ETC. 
, Bngimers Reference Book. 

TIIK WORKS MANAliEKS' HANDBOOK. For Kiigi.i«r„ 
MUlvTiriitti anJ Build Makers i TqcJ Makcni, Machinisis, and 
M«tal Wurkcn i Iran *nd BnuroumleK, &c. By \V. ^. HiitTOx, 
Civil noJ Mwliinical Kngiiicet. Mwlimn Svo, nbout 400 i>ages, 
I'lici! i3j. 6r/., sironcly bound. {/t firtjutratm. 

Mechanic's Workshop Companion.. 

THK OPERATIVE MECHANICS WORKSHOP COH- 
PANION, and THE SCIKNTIFIC GENTI.EJIAN'S PRAC- 
TICAL ASSISTANT. IlyW. Templeton. i3ih Edit., will) 
Heehknleal Tablet Ibr OpenttTe Smilb^ Millarrigfats, Engineeis, 
&e. ; and an Sxtcnsira Tabic of Powers ind Roots, \xtaa,y. bouod. 
" Adiqimbly Bdapted Ta the wanti cpf a very large cl^^a. It his met with sreai 
«itri-«t in the «nj{intcrin£ workshop, 31% hc n>n ir-iii(>- ; atit] there ^ue a tre.-it many 

Engineer's and Machinist's Assistant. 

THE ENGINEERS, MILLWRIGHT'S, and MACHINISTS 
PRACTICAL ASSISTANT; compri^og a Collection of Useful 
Tables, Rulei, and Data. By Wm. Tempi.btoh. iSmo, Xf. fid. 

• Smith's Tables for Afcchanics, &c. 

TABLES, MEMORANDA, and CALCULATED RESULTS, 
KOK MECHANICS. ENGINEERS, ARCHITECTS, 
BUILDERS, «c. Selected aiid arranged by Francis Smith. 
340 pp. Waistcoat ' pocket siie, 11. &/., limp IcaUier. 

Turning. 

' I-ATHE-WURK ; a I'ractical Treatise on the Tools, Appliances, 

and Processes etnplpyed in the Art of Turning. By Paul N. Ha&' 
LICK. Second I'.dition, thoroughly Revised, with a New Chaptei 
on the Screw-cutting Lathe. Crown Svo, 51. cloth. 

Turning. 

THE METAL TURNER'S HANDBOOK. By Paul N. Has- 
LUCK. With over 100 Cuts. Crown Svo, u., doth. 

*.' 7"*i«i«W>n«/*e/■r.(^HArH«r/H»8I.UC^:"sHA^DB0OKSQN HANDItKAlfTS. 

Boiler Making. 

THE BOILER.MAKER'S READY RECKONER, Willi 
E\amples of FracticEJ Geometry and Tetnplating, fur the use or 
Platers, Smiths, and Riveters. By JoHH Courtney, Edited bv 
D. K. CiABK, M.I.CE. iimo. gj., hair-bd. 

Superficial Measurement. 

THE TRADESMAN'S GUIIJIi TO SUPKR1--|CIAL MEA- 
SUREMENT, Tables calculated from I to sno inches in lengUi, 
by 1 to loS inches in breadth. By J. Hawkings. Fcp. 3^-, 61/, cL 

Steam Boilers, 

A TREATISK ON STEAM BOILERS : llicir Strength, Con- 
»tructiou, and Econumlcal Woiking, By R. Wilsom, C.E. 
Fifth Edition, i^ino, 6j., cloth. 



CUBLISHED BY CROSBY LOCKWOOD *. CO. ig 

MATHEMATI CS TA BLES, ETC. 
Metrical Units and Systems, &c. 

MODERN METROIX)GY : A Manual of the Metrical Unili 
and Systems of the p^Bcnt Century. With an Appendix con- 
taining a proposed English System. By Lowts D'A. Jackson, 
A-M. In»t. C.E., Author of "Aid lo Survey Practice," &c. 
La^e Crown 8vo, lis. bd. cloth. 

Gregory's Practical Mathe?natics. 

MATHEMATICS for PRACTICAL MEN ; being a Common- 
place Book of Pate and Mixed Mathematics. Designed chiefly 
for the use of Civil Engineers, Architects, and Sarveyors, Part I. 
I'uRE Mathematics — comprising Arithmetic, Algebia, Geometry, 
Mensuuiion, Trigonometry, Conic Sections, Properties of Curves. 
I'att II. RliXED 5iathematics — comprising ^Iechanieain general, 
Statics, Dynamics, Hydrostatics, Hydrodynamics, Pneumatics, 
Mechanical Agents, Strength of Materials,' &c. ByOLiNTKUS Gre- 
gory, LL.D., F.K.A.S. Enlargedby H.Law, C.E. 4(hEdition, 
revised by I'lof. J. R. YouNO, With 13 PUtes, Sto. i/. n. cloth. 

MatJwnatics as applied to the Constructive Arts. 

A TREATISE ON MATHEMATICS AS APPLIED TO 
THE CONSTRUCTIVE ARTS. lUustiating the various pro- 
cesses of Mathematical Investigatioii by means of Arithmetical and 
simple Algebraical Equations and Practical Examples, -ic. By 
Francis Caupin, C.E. tamo, 3^. td. cloth. 
Geometry for tlie Architect, Engineer^ &c. 

PRACTICAL GEOMETRY, for the Architect, Engbecr, and 
Mechanic By E. W. Tarn, M.A. With Appendices on Diagrams 
of Slrabs and laometricsl projection, Demy 8vo, 91. doth. 

Practical Geometry. 

THE GEOMETRY OF COMPASSES, or Problems Resolved 
by the Mere Description of Circles, and the Use of Coloured 
Diagrams and Symbols, By Olivbr Bvrne, Coloured Plates. 
Crown a»o, 31. 6d. cloth. 

The Metric System. 

A SERIES OE METRIC TABLES, in which the British 
Standard Measures and Weights are compared with those of the 
Metric System at present in use on the Continent. By C. II. 
DoiVLtHG, C.E. and Edit., revised and enlarged. Svo, los. tJ. d. 

liiwoods Tables, greatly enlarged and improved. 

TABLES FOR THE PURCHASING of ESTATES, Freehold, 
Copyhold, or Leiuehold ; Aimuities, Advowsons, &c., and for the 
Renewing of Leaaes ; also for Valuing Reversionarv Estates. De- 
ferred Annuities, &c. By William Inwood. 21 
Tables of Logarithms for the more Difficult Coniputatbot of the 
Interest of Money, &c. ByM. FetiORTHOMAN. izmo. Si. cloth. 
" ' ' ■ trK: pun;tiAK uid Aale of ftlalfc, aad i] -'----■--- - 





ao WORKS IN MATHEMATICS, ETC., 

Weighls, Measures, and Afoneys. 

MEASURES, WEIGHTS, ud MONEYS of aU NATIONS, 
Entirely New Edilioo. Kevis«ci and Enlarged. By W. S. B. 
Wooi.iLOUsE, K.R.A..S. ismo, Ji. &/. dolh boanU. 

Compound Interest and Ann^'Uies. 

THEORY of COMPOUND INTEREST and ANNUITIES ; 
with Tables of LogBiithtns far Che more DiRtcoIt Compntatiom oi 
Interest, Discount, Annuities, &c., Id all Iheit Applicadons and 
Uiea for Mercantile and Slate Purposes. Bjt FfcDog Tbouan, 
of the Social CrWil MobiUer, ParU, 3rd Edit., tamo, 4/, 6rf. cl. 

Iron and Metal Trades' Calculator. 

THE IRON AND METAL TRADES' COMPANION: 
Being b Calculator containing a Series of Tables upon a new and 
compreheniive plan for expeditiously asccrtatning the Talae of any 
(joods bought or sold by weight, from l». per cwt. to lllj. per 
cwt., and from one farthing per lb, to Ij. per lb. Each Table ex- 
tends from one lb. to 100 tons. ByT.DoWNlE. 396pp. ,91., leather. 

Iron and Steel. 

IRON AND STEEL: a Work for the Foi^, Fonadir, 
Factory, and GfTice. Containing Information for Ironmasters ; 
Civil, Mechanical, and Mining Eagineera ; Architects, Builders, &c. 
By Chaeies Hoabe. Eightb Edit Oblong 3amo, 6j., leather. 

Cmnprehensive Weight Calculator. 

THE WEIGHT CALCULATOR, being a Series of Tables 
upon a New and Comprehensive Plan, exhibiting at one Reference 
the exact Value of any Weight from I lb. to 15 tons, at 300 Pro- 
gies^ve Rates, from t Pennyto 16S Shillings per cwt., and con- 
iBining 186,000 Direct Answers, which, with iheir Combinations, 
consisting of a single addition, will afford an aggregate of 10,266.000 
Answers ; tlie whole being calculated and designed to ensure 
Correctness and promote Despatch. By Henry Haksbk, 
Accountant, New Edition. Royal Svo, \l. ^s., half-bound. 

Comprekettsive Discount Guide. 

THE DISCOUNT GUIDE : comprising Tables for the use of 
Merchants, Manufecturers, Ironmongers, and others, by which 
may be ascertained the exact profit arising from any mode of using 
Discounts, either in the Purchase or Sale of Goods, and the method 
of either Altering a Rate of Disconnt, or Advancing a Pric^ 50 as 
to produce, bj one operation, a sum that will realise any reqiured 
profit after allowing one or more Discounts : to which are added 
Tables of Profit or Advance from \{ to 90 per cent.. Tables of 
Discount from I J to 98J per cent., and Tables of Commission, &c, 
from \ to to per cent, fiy H. Hakben, Svo, l/. 51., half-bound. 

Mathematical Instruments. 

MATHEMATICAL INSTRUMENTS: Their Construction, 
Adjustment, Testing, and Use ; comprising Drawing, Measuring 
Optical, Surveyiivg, ani XsMQUomical Instruments. By J. F, 
Heather, M. A. Etiaiati ■EAiti'au. -viiat), v ^iJjJi. 



MATHEMATI CS TA BLES. ETC. 
Metrical Units and Systems, &c. 

MODERN METROLOGV : A Manusl of the Metrical Uniu 
and Systems of tbe p.^nenC Centuiy. With aa Appendix con- 
taining a piopoBcd English Systeoi. Bjr Low[s D'A. Jacksoh, 
A-M, lost. C.E,, Author of "Aid lo Survey Practice," &c. 
Large Crown 8vo, I2j. bd. cloth. 

Gregory's Practical Mathematics. 

MATHEMATICS for PRACTICAL MEN ; being a Common- 
place Book of Pare and Mised Mathematics. Designed chiefly 
for the use of Civil Engineers, Architects, and Surveyors. Fart I. 
I'uRE Mathematics — comprising Arithmetic, Algebra, Geometry, 
Mensuration, Trigonometry, Conic Sections, Properties of Curves. 
Part II. RIiXED MATHEtiATiCs^<»mprising Mechanics in general. 
Statics, Dynamics, Hydrostatics, Hydrodynamics, Pneumatics, 
Mechanical Agents, Strength of Materials,' &c. By Olinthtts Gke- 
GORY, LL,D,,F,K.A.S, Eolargedbj'H.'LAw, C.E. 4thEdition, 
revised fcpy Ptof. J. R. Young. With 13 Plates. Svo. 1/. u. cloth. 

Matltenialics as applied to ihe Constructive Arts. 

A TREATISE ON MATHEMATICS AS APPLIED TO 
THE CONSTRUCTIVE ARTS. Illustrating Ihe various pro- 
cesses of Mathematical Investigation by means of Arithmetical and 
simple .\lgebraical Equations and Practical Examples, &c By 
Francis Campin, C,E. lamo, 31. W. doth. 
Geometry for t/i£ Architect, Engineer., &c. 

PRACTICAL GEOMETRY, for the Architect, Engineer, and 
Mechanic ByE. W. Tarn, M.A. AVith Appendices on Diagrams 
of Strains and Isumetrical projection. Demy Svo, rjs. cloth. 

Practical Geometry. 

THE GEOMETRY Ol' COMPASSES, or Problemb Resolved 
by the Merc Description of Cirdi:s, and the Use of Coloured 
Diagrams and Symbols. By Oliver Bvrnf,. Coloured Plates. 
Crown Svo, jr. 61^. cloth. 

The Metric System. 

A SERIES OF METRIC TABLES, in which the British 
Standard Measures and Weights are compared with those of the 
Metric System at present in use on the Continent. By C. 11. 
DowLiNG, C.E. 2nd Edit., revised and enlarged. Svo, io.f. bd. cl. 

Inwoods Tables, greatly enlarged and improved. 

TABLES FOR THE PURCHASING of ESTATES, Freehold, 
Copyhold, or Leasehold; Annuities, Advowsons, &c., and for the 
Renewing of Leases ; also for Valuing Reversiona^ Estates, De- 
ferred Annuities, &:c. By William Inwood. 23nd Editioo, with 
Tables of Logarithms for the more DiSictUt Computations of the 
Interest of Money, &c, By M, FcuoR ThdhAK. izmo. S.C. doth. , 
rslcil ill ihc purctiais uiij sak uf «uues, and iu Ihe adjuilinciUsf 
cases, Si well a in lianiactiiKB {n anDUiiin. Ills iiuuiancet, 8 "" 
I edidoa of enuDent lerrio)."— fi^iimVijr. 
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Dentistry. 

MECHANICAL DENTISTRY. A Prmctica] Tt«atue on tht 

CoMlntclion of the »>iious kinds of Artificial Deotniies. Com- 



Edilioiv Revu*d. With o' 

EUctricity. 

A MANUAL of ELECTRICITV; iodudlng GaJnntsm, Mig- 
netism. Diamapietism, Electra-Djmimic^ MagEieto- Electiicity. uul 
Ihe Electric Teleguph. By Hehrv M. Noao, Ph.D., F.C.S. 
Foiuth Edilioo, with 500 Woodcnts. Bto, I/-4J. dotb. 

"T)i*iuisiiiiiig;vgnarclc<»ndi]raiid(almiiimani»tool^caiii{4eleia atdentib 



I -?W'7" 



Text-Book of EUctruity. 

THE STUDENT'S TEXT-BOOK OF ELECTRICITY. Br 
HeKkV M. NoAD, Ph.D., F,H.S.. &c. New Edition, Re»iscd. 
Witbui Introduclion and Addilional Cliapten by W. H. Pkebce, 
M.LCE., Vice-President of the Socielf of Telegtsph Ed|' 
ftt With 470 lUostistioiK. Crown Svo, w. &/. clotlu 
' Wt on naHDfaeltd Dr. Niad'i bunk for Aeti uyle, great ranxe of tatqact, 1 

ad indvir. BtuI ft plcthon of WDodcuLL"— '.^fAnf ■*■. 

ix ie«-b«ik tot every ttudcBt— befiDoer or uivaaced — of clecIrfcitT * 

•• Vada ibc editoeml hiwl fff Mr. TVeece Ihe lite Dr. Noad'a text-book of dM- 
I trtctly hjK pMm Ldio m idmirible handbook,"— H'«/i«i>iir'*r Xrrinu. 

Electric Lighting. 

ELECTRIC LIGHT : lU Production and Use, embodying plain 
Direcliona for the Trealmeni of Volmic Baiicries, Electric Lamps, 
and DynarochEleitric Machines. By J. W. UttQutrART, C.E. 
Edited by F. C. Webb, M.I.C.E., M.S.T.E. and Edition, Re- 
viled, with Large Additions and 12S Illustrations. 71. &/. doth 
"The book » by fju the b«I ihil we tuvE y« met wilbon the sibjed."— ^/,tm»B:. 

Lightning. 

THE ACTION o( LIGHTNING, and Ihe MEANS of DE- 
FENDING LIFE AND PROPERTY FROM ITS EFFECTS. 
By Major Arthur Parnf.u, R.E. i2nio, 7^. 6rf. cloth. 

The Blowpipe. 

THE BLOWI'Il'E IN CllEMIsTRV, MlNER;\LO(iV. AND 
liEOLOtJV. coniaininE all known Meihods of Anhydrous 
AnElysJB, many Workitig Kxnniplt-i, and Insttuclions for nuking 
Appnralin. By Lieut. -Col. \V. A, Ko«ri, K,A., l-'.G.S, 

[/« I!,.: /■,;■<: 

Chemical Analysis. 

THE COMMERCIAL HANDBOOK o! CHEMICAL ANA- 
LYSIS ; or Practical Instructions for Ihe determination of the In- 
trinsic or Commercial Value of Substances used ia Mann&cturea, 
in Trades, and in the Arte. By A, Normandy. A'no Siktien. 
Enlarged, and to a great extent rc-writlen, by Hbnky M, Noail 
Ph.D.,F.R,S. Withnumerouslllastralions. Cr. 8to, i2/.6rf.doili. 



PUBLISIIKU BV CkUKBV LOCKWOUD & CO, 

The Alkali Trade — Sulphuric Acid, &c. 

A MANUAL OF THE AI-KALI TRADE, including the 
Manufacture of Sulphuric Acid, Sulphate of Soda, aod Blenching 
Powder. By John LOMAS, AlliaJi Maaufacturer, WithajalUns- 
trations aDdWurking Drawings, and containing 386 pages of text 
Super-royal 8vo, 3/. t2j, dd. doth. 
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"Theauthoilsnntoneofthose qlc™- compilers who, on short notice, wiU'rEid 
up' any coDcdvablr subject, but a pta<:ticii1 man in Ihe b«t kdsc of Ihe word. We 
find here not meiely a touod and lumiDous explanation of the chemical prineiplei of 
the trade, tmt a notice of minierout matiera which haie a most important braring 
on the auccc^ul cnndnct of alkali wnrlu, but which are g^DCjaUy overloolced by 

Soap-mahing". 

THE ART OF SOAP-MAKING, A Piactical Haoilboolt of the 
Mmiufactiire of l^ard and Soft Soaps, Toilet Soaps, &c. Including 
many New Processes, and a Chapter on the Recovery of Glycerine 
from Waste Leys, By Alexandsr Watt, Author o£ " Electro- 
Metallnigy Practically Treated," fl:c. With Numerous Illustta. 
lions. Crown 8yo, 91., doth. \yusl publis/ied. 

thepraclkd Jttp.l™k7who'wi^-'li)'linriciiland(hilhcoiyofhisarl.*-Ci<vn(V-«/ 
c\it,rt^^sal^."—Tip Tfitile KKordi-r. ' 

Leather Manufacture. 

THK ART OK LEATHER MANUFACTURF. Being a 
Practical Handbook in which the Operations of Tanning, Ciirryin;;, 
nud Leather Ifrcshing are fully Described, siid the Principles of 
Tanning Explained, with PiacUcal Details, aEd Accounts of many 
Recent Processes, to which is sidded a Description 01 the Arts of 
Glue Mouufadure, Gut Dressing, S;c. By Alkxan 
Aulhor of " Soap -Ma king," " Eleclro-Melallurgj'," 
riiimerous lllustrntipns, (. town 8vd. \Iti 
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Dr. Lardn^s Museum of Science and Art. 

THE MUSEUM OF SCIENCE AND ART. Edited by 
DiOMYSit's Lakdkkk, D.C U, (ormetl; Pcofi^sor of Natoral Phi. 
loaophf «id Aslronomy in University College, London, With op- 
wsras of 1100 Engravings on Wood. In 6 Double Volumes. 
Price jft u., in a new snd elegant doth binding, or handsomely 
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COMMON THINGS EXPLAINED. ComaiainE Air, Earth, Fire, 
Watei, Time, Man, the Eye, Locamotion, Colour, Clocks and 
Waichca, &c a33 Illustrations, cloth gilt, ji. 

THE MICROSCOPE. Containing Optical Images, Magnifymg 
Glasses, Origin and Description of Uie Microscope, Microscoinc 
Objects, the Solar Microscope, Microscopic Drawing and Engny- 
ing, &e. M7 Illustrations, cloth gUt, ai. 

POPULAR GEOLOGY. Conlainine Earthquakes and Volcanoes 
the Crust of the Earth, etc 301 Illustrations, doth gilt, as. td. 

rOPDLAR PHYSICS. Containing Magnitude and Minuteness, Ihe 
Atmosphere, Meteoric Stones, Popular Fallacies, Weather Prog- 
nostics, the ThennometeTa the Barometer, Sound, &c. 85 lllos- 
Irations, cloth gilt, u. Sd. 

STEAM AND ITS USES. Including the Steam Engine, the Lo- 
comotive, and Stean> Navigation. 89 Illustrations, cloth g^l, as. 

POPULAR ASTRONOMY. Containing How to Observe the 
Heavens. The Earth, Sun, Moon, Planets. Light, Conwti, 
Eclipses, Astronomical Influences, S:c 1S2 lUustratioiia, 4^, id, 

THE BEE AND WHITE ANTS : Their Manners and Habits. 
With IHustration>; of Animal Instinct and Intelligence. 135 nint- 
trations, cloth gilt, 2f. 
THE ELECTRIC TELEGRAPH POPULARISED, To rendei ■ 
intelligible lo all who can Read, irrespective of any previoos Sclon- 
tilic Acquirements, the various ToriBS of Telegraphy in Actwl 
Operation, ido Hlnslrations, doth gilt, ij-. bd. 
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Dr. Lardnet^s Handbooks of Natural Philosophy. 
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THE HANDBOOK OF MECHANICS, EnJatged and almost 
" ten by Benjamin Loewv, F.R.A.S. With 378 Iltostra. 
Post Svo, &. cloih. 
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THE HANDBOOK of HYDROSTATICS and PNEUMATICS. 
New Edition, Revised and Enlarged by Benjamin Lokwv, 
F.R,A.S. With 236 niustialiOQS. Post gvo, y. cloth. 
" For [hosE • who desire to attain an nccura-le knowlfdee of physical Kitnce with- 

nut the prDtaund mpthodi gf matHematiiral in-rcstigatiDa, this work Is Dot jLtcrely in< 

lended, but well adapted." — Ckeviial NcWi. 

THE HANDBOOK OF HEAT. Edited and almost eclitely 
Rewritten by Benjamin Lobwv, F.R.A.S., etc 117 Illustra- 
tions. Post Svo, 6j. cloth. 

any dnudinesb or lurkinf doubts behind. "-.-fnfjq^rH^f. 

THE HANDBOOK OF OPTICS. New Edition. Edited by 

T. Olvbr Hakding, B.A. 298 Illustrations. Post Svo, $s. cloth. 

"Wricien by one of the ablest English scietililic snitas, beautifully and elaborately 

aiustrated."— iWn-ionKj' Maxaiini. 

THE HANDBOOK OF ELECTRICITY, MAGNETISM, and 
ACOUSTICS. New Edition. Edited by Geo. Cabky Foster, 
B.A., F.C.S. With 400 Illuslrntions. Post Svo, JJ. doth. 

wcrir to the present state of scientific knowledge."— /"ii^K^r Scit, 

Dr. Lardner's Handbook of Astronomy. 

THE HANDBOOK OF ASTRONOMY. Forming a Com. 
panion to the " Haodboolts of Nntaral Philosophy." By DlONv- 
Eius Lardner, D.C.L. Fourth Edition. Revised and ■Edited by 
Edwin Diinkin, F.R.S., Royal Observatory, GreenwiiJi. With 
38 Plates and upwards of 100 Woodcuts. In I vol., small Svo, 
550 pages, 9^. ba., cloth. 
" Ptobabl; no other booli contains the same amount of infonnacion in la com- 

" We can da no other than pronounce this work a most valuable inanu:i1 ofaitni- 
the soJne lime coireci— acquaintance with this Kiblime XKm.cJ'—Q«arliAy Jammal 

qfScilHce. 

Dr. Lardfier's Handbook of Animal Physics. 

THE HANDBOOK OF ANIMAL PHYSICS. By Dr. 

Lardnbr. With 520 Illustratiani. New F.dition, small 8vo, 

cloth, 732 pages, "Js. 6d. 

"We have no heulalian in cordially [cconnnendinK 
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Dr. Lardner's School Hattdbooks. 

NATURAL PHILOSOPHY FOR SCHOOLS. By Dr. Laukei. 

338 Ulastntions. Sixth Edilion. I voL y. 6J. doth. 
" CoSkwtn m cSeir uid dtduu] tenu, cdiicral Dotims oT all tlu pHncipaJ dhislaot 
ef FhracJ Satatx.~—BriluJk OuaTirr-lr Stvinu. 

ANIMAL PHYSIOLOGY FOR SCHOOLS. By Db. Lakdnek. 

With igo lUiutntioTu. Second Edition, i voL 31. &>'. cloth. 

••atMrlywnlini,vcatrrtngtd,aBdeictaaUiymmXllUd.'—GArdnurs'Cirmxleil. 

Dr. Lardner's Electric Telegraph. 



I Mollusc a, 

A MANUAL OF THE MOLLUSCA; bcbg a Treatise 00 
Recent and FoisU Shell*. By Dt. S. P. Woodward, A.L.S, 
Wilh Appendix by Ralph Tate, A.L.S.,F.G.S. With nnmer- 
ons Ptntcs and 30a WoodcuU. 3td Edition. Cr. 8va, 7^-. 6d. doth. 

Geology and Genesis. 

THE TWIN RECORDS OF CREATION; or, Geology anJ 
Genesis, their Perfect Harmony and Wonderful Coacotd. By 
GeoRdE W. Victor lk Vai/X. Fcap. 8vo, 51. dolh. 
»l»ly of Ihe ■rgumcDti of thnso who woulil Kt GuiTi Wutki igunsl Rod'i Wonl, 
No ml difficullr ia ihirkcd, undnDiophiiUv it lefi unupoted.''— r:i< A«\t 

Geology. 

GEOLOnv, PHYSICAL AND HISTORICAI,! ComUting 

of "Physical Geology," which sets forth the Leading Principles of 
the Science; and " Historical Geology," which treats of the Mineral 
and OrgiinicConditionsoftheEarthat each successive epoch, especial 
reference being made to the British Series of Rocks. By Ralph 
Tatf, Willi more than 250 Illustrations. Fcap. 8vo, %s, cloth. 

Practical Philosophy. 

A SYNOPSIS OF PRACTICAL PHILOSOPHY. Ey Rev. 
Ji3ii.\ Carr, M.A., late Fdlowof Trin. Coll., Camb. iSmo, 5.1. cl. 

The Military Sciences. 

AIDE-MEMOIRE to the MILITARY SCIENCES. Framed 
from CoQlributions of Officers and others connected with the dif- 
ferent Services. Originally edited by a Committee of the Corps of 
Royal Engineers, and Edition, revised; nearly 350 Engravings 
and many hundred WoodcuU. 3 vols, royal 8vo, doth, 4/, lor. 

Field Fortification. 

A TREATISE on FIELD FORTIFICATION, the ATTACK 
of FORTRESSES, MILITARY MINING, and RECON- 
NOITRING. By Colonel I. S. Macaulay, late Professor of 
Fortification In the R. M. A., Woolwich. Sirth Edition, crown 
8vo, cloth, with separate Atlas of 12 Flatas, I2J. complete, 



PUBUSHED EV CROSBY LOCKWOOD 4 CO. 

Clocks, Watches, and Bells. 

RUDIMENTARY TREATISE on CLOCKS, and WATCHES, 
and BELLS. By Sir Edmukd Beckett, Bart., LL.D., Q.C., 
F.R.A.S. Seveath EditEon, revised and enlarged. Limp cloth 
(No. 67, Weale's Series), 4*. W.; cl. bds. JJ- &/. 

"ThE best work on t)iE subject eilam. The utuisc on bells li undoubtedly 
Lh« belt ia the IdngudgE. "^^Enginttrijig^ 

"Theonly modem tieatJEflGiid«lc-making_" — MorolagKat^ounudt 

The Construction of tlie Organ. 

PRACTICAL ORGAN -BUILD INC. Bjr W. E. Dickson, 
M.A., Precentor of Ely Cathedral. Second Edition, revised, with 
Additions. l2mo, 31. cloth boards. 

Brewing. 

A HANDBOOK FOR YOUNG BREWERS. By Herbert 
EowASDs Wright, B.A. Crown 8yo, 37, 6rf. cloth. 

"Wc would particularly recomiaend teachers □? the art to place IE io every pupiVi 
hauds. and we leel aure its perusal will be attended with advantage." — BmOfr- 

Dye- Wares and Colours. 

THE MANUAL of COLOURS and DYE. WARES: their 
Properties, Applications, Valuation, Impurities, and Sophi£tication& 
Fur the Use of Dyers, Printers, Drys^ters, Brokers, &c By J. 
W. Slater. Second Edition. Crown 8vn. 71. a/, cloth. 

Grammar of Colouring. 

A GRAMMAR OF COLOURING, applied to Decorative 
Painting and the Arts, By George Field. New Eiiition. By 
Ellis A. Davidson. i2mo, y, tid. cloth. 

Woods and Marbles {Imitation of). 

SCHOOL OF PAINTING FOR THE IMITATION OF 



.Hilly. 



Plain Plates, comprising 1 54 Figures. Folio, z/, i 
irate'^lb^ Shlaluiri? ?Tie*'iiisl'nKrli'oni' Bmoinpsny^g il 

• tforkr—A-'rMlcti. 



Pictures and Painters. 

THE PICTURE AMATEUR'S HANDBOOK AND DIC- 
TIONARY OF PAINTERS : A Guide for Visitors to Picture 
Galleries, and for Art-Students, including methods of Painting, 
Cleaning, Re-Llning, and Restoring, (he Principal Schools of 
Painting. With Notes on Copnsts and Imitators of each Master. 
B7 Philippe Daevl, B.A, Cr, 8vo, jr. cloth. 
" A Enide to the siuhotship. quality, and value of a picture, and fun 
■ knowledge necessary lo vaa\t<in,"—Silt«nlii]i Revinv. 



iS WORKS IN SCIENCE AND ART, ETa, 

DtlamotUs Works on Illumination & Alphaieh. 

A I'RIMF.R OF THE ART U?' ILLUMINATION; for the 
OM ot Brginncn i with i Rudimcnttrf TrMliie on the Art, Prac- 
tical Direcltoiu for iu ExncUe, and nniDcroas Exampls talten 
CrDidllluBiIiuUedMSS., printed In Gold and Caloun, By F. Dela- 
MOTTK. Small 4to, 9j. Elc^^tlf booad, cloth antique. 
"ThauiaptMofucicM USS. nBrnmuaiti is llu iiudcBi, which, wiih mndi 

I nod HDH, tfao Bullu)! chcuHci (rrsB cnltediost wxessiUs 10 ill, ait telccted vith 
tdinul utl knoololce. u wdl u UiM"— •l/AiwaH. 

ORNAMENTAL ALHIABETS, ANCtENT and MEDIjKVAL; 
from the Eighth Cenlurjr, with Numeralt ; including Gothic, 
Church-Teil, Gcnnui, Ilaiian, Arabesque, Initiali, Mom^rams, 
Cnxsei, &c. Collected and engraved bjr F. DELAMomi, am! 
printed in Coluun. Tenth and Cheaper Edition. Rojal Ski, 
oblong, 31. fxi. omaniental boards 
" Foi cbo«c who mtcn coimctlcd Knlencci round fttdcdch^licei, who blaion aliop 

l«f«D(lB aver &hop-doan. who IcttfT cliurch waili wiih pEhy acDtencet £oia Ilic 

Dccatogufl, thk book viil be uk/uI "-^ j^i^fhtMH. 

EXAMPLES OF MODERN ALPHABETS, PLAIN and ORNA- 
MENTAL ; including German, Old English, Saxon, Italic, Per- 
ipective, Greek, IleliTcw, Court Hand, Engrossing, Tuscan, 
Riband, Gothic, Rustic, and Arabesque, &c, &c. Collected and 
engraved by F. Delamotte, and printed in Colours. Eigbthand 
Cheaper Edition. Royal Svo, oblong, a. hd. ornamental boards. 
"There acompiiicil ID it every poa&ible »Ji^K ui£Q wtuch the letten of (he alphabet 

and nuaierali cm be fonned." — Stattdard. 

MEDIAIVAL ALPHABETS AND INITIALS FOR ILLUMI- 
NATORS. By F. DBI.AM01TE. Containing 3i Plates, and 
Illuminated Title, printed in Gold and Colours, With an Intro- 
duction by J. Willis Brooks. Small 4(0, 5i. cloth gitt. 

THE EMBROIDERER'S BOOK OF DESIGN ; containing Initials, 
Emblems, Cyphers, Monograms, Omnmenlal Borders, Ecclesias- 
tical Devices, Mediieval and Modem Alphabets, and National 
Emblems. Collected and engraced by F. Delamotte, and 
printed in Colours, Oblong royal Svo, u. 6rf. ornamental wrapper, 

Popular Work on Painting. 

PAINTING POPULARLY EXPLAINED; with Historical 

Sketches of the Progress of the Art, By Tkdmas John GuLLtCK, 

Painter, and John Timbs, F.S.A. Fourth Edition, revised and 

enlarged, WithFrontispieceandVignette. In small 8vd, Sj. 6rf, doth. 

%• This Work has been adafiled at a Prae-bsei in the Schools «J 

Art at South KenstHgtcn, 

"Concams alargeajaoimtof ariginal matter, nereeabJy oonvered." — BuiltUr. 

" Much p;ay bo learned, even by etioK who foocy they do oot rtquire lo be taught, 

torn 1 he careruiponiial of tliiiuEptelending hut comprehenjite [realist" — Ariyeiminl. 

Wood- Carving. 

INSTRUCTIONS In WOOD-CARVING, for Amateurs; with 
Hints on Design. By A Lady, In emblematic wrapper, hand- 
- - -Xy printed, with Ten large Plates, 21. 6d. 

jifcraltot iSie-Bnoi-cintr, va-BcU ass. book c»B impart it, may beleanii 
A Lady's' puUicMloii.''-AlJiir,™m. 
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AGRICULTURE, GARDENING, ETC. 



Voitaii and Burns Complete Grazier. 

THE COMPLETE GRAZIER, and FARMER'S and CATTLE. 
BREEDER'S ASSISTANT. A Compendium of Husbandry. 
By William Youatt, Esq., V.S. lath Edilion, vciy con- 
siderably enlai^ed, and bronghC up to the present requirements of 
agricultural practice. By Robert Scott Burn. One iMge 8yo, 
volume, S6o pp. with 244 Illustrations, \l. t j. half-bonnd. 
" The stsndard agd tent-boolc wilb the rarmcraDd grazier. '—^irnifr'j lUngaiiftr. 
"A balise which wil] lemain a standsd WDck on the subject as laafoi HiiiMi 
agncultlUE endures." — Mark Lata Exfiresr. 

History, Structure, and Diseases of Sheep, 

SHEEP ; THE HISTORY, STRUCTURE, ECONOMY, 
AND DISEASES OF. By W. C. Spoonek, M.R.V.C, &c. 
Fourth Edition, mlh line engravings, including specimens of New 
and Improved Breeds. 366 pp., 4J. cloth. 

Production of Meat. 

MEAT PRODUCTION, A Manual for Producers, Dislribu. 
lots, etc. By John Ewart. Cr. Svo, 51. cloth. 

Donaldson and Bunts Suburban Farming. 

SUBURBAN FARMING. The Laying Out and Cultivation of 
Farms adapted to the produce of Milk, Butter and Cheese, Eggs, 
Poultry, and Pigs. By the late Prot J. Donaldson. With 
Additions, by R. Scott Bitrn. 41. cloth. 

English Agriculture. 

A TEXT-BOOK OF AGRICULTURK (THE FIELDS OF 
GREAT BRITAIN), adaplcd to the Syllabus pi Ihe Science and 
Art Department. For Elementary and Advanced Students. By 
Hugh Clements (Board of Trade). iSroo, is. 6rf. cloth. 
" A clearly "riilen description of the oidinaiy routine 0/ EbbUsIi fann-life."— iB~,f . 

Modem Farming. 

OUTLINES OF MODERN FARMING. By R. Scott Burn, 
Soils, Manures, and Crops — Farming and Farming Economy — 
Cattle, Sheep, and Horses — Management of the Dairy, Pigs, and 
Poultiy — Utilisation of Town Sewage, Irrigatian, Sic Sixth 
Edition. In l voL 1250 pp., balf-bound, profusely illustrated, tzr. 

Farm Engineering. 

FARM ENGINEERING, comprising Draining and Embank- 
ing ; Irrigation and Water Supply; Roads, Fences, and Gates; 
Farm Buildings ; Bfltn Implemetits, etc. ; Field Implements, etc ; 
Agricultural Surveying, Levelling, etc. By Prof. John Scott. 
About 1300 pages, wiS Several Hundred Ulustrations. 



WORKS rX AGRICULTURE, GARDENING, ETC., 
The Managrmenl of Estates, 

LAXnt!) ESTATES MANAGEMENT: Treating ,. ._ 
\'irieljcs of Laodi, Melhnds of Faiming, Finn Buililing, Irrig ation 
Uratnuge, &c By R. Scott Burh. iimo, y. cloth. "^ 

" \ lompliic and CDOipi-EhEiniVE outline of [hedoliei»pp=TaimnE ta tl 
niul of bndBd culs. "— 7f»wt/ if Foratrj. 

The Management of Farms. 

OUTLINES OF FARM MANAGEMENT, and the Urganiw 
lion of Faun Labour. Treating ol the Genetal Woik of thcTarm, 
Field, add Live Stock, DelaiU of Contract Woik, Specialties of 
l^aboui. Economical ^ialU£eInent of th« Fannhouse and CotlsgCi 
Domestic Animals, >^:c. By Kobcrt Scott Busln. ismo, x 

Management of Estaies and Farms, 

L.\NDED ESTATES AND FARM MANAGEMENTli 
R. Scott Bu»n. (The above Two Works in One Vol.) " 

Hudson's Tables for Land Valuers. 

THE LAND VALUER'S BEST ASSISTANT; bring Tables, 
on a very much improved Plan, for Calculating the \'alue of 
Estates, With Tables far Reducing Scotch, Irish, and Piovindal 
Cuitomu]) Acta to Statute Meiisure, &c. Bf R. Hudson, C.E, 

New F^ition, royal jimo, lealher, gilt edges, elastic band, ^, 

Ewart's Land Improver's Poeket-Book. 

THE LAND IMPROVER'S POCKET-BOOK OF 1-OR- 
MUL/IC, TABLES, and MEMORANDA, requited in any Com- 
putation icUling to the Peimanent Improvement of Landed Pio- 
perty. By John Ewart, Land Surveyor, jamo, leather, ^, 

Complete Agricultural Surveyor's Pocket-Book. 

THE LAN IJ VALUER'S AND LAND IMl'ROVER'S COM- 
I'LETE I'OCKET-BOOK ; consisting of the above two worki 
bound together, leather, gilt edcei, with strap, 7^. bd. 

, ,- jver seen, and ils combination with Mr. 

I gwart's work greatly enhaoces ilie value and nKfulnMs of ihc laiier.mentioned.— 

[ Grafting and Budding. 

' THE ART OF GRAFTING AND BUDDING. By Charlrs 

6ai,T£T. Translated from the French. With upwards of i6d 
Illusliations. ismo, 31, cloth boards. 

I Culture of Fruit Trees. 

FRUIT TREES, the Scientific and PtofiUble Culture afC lo- 



rn the French of Du BreuiL. Fourth 
n Inlioduclion by Gkorge Glensy. 4j.c1. 

Potato Culture. 

POTATOES, HUW TO GROW AND SHOW THEM. A 
Practical Guide to the Cultivation and General Treatment of the 
Potato. By James Pink. With Illusltalions. Ci. 8vo, zj. cl. 



Cr. Sto, y. doth. 



i'L'BLISHED 1!V CROSUY l.OCKWOOD & CO. 
Cood Gardening. 

A PLAIN GUIDE TO GOOD GARDENING ; or, How lo 
Grow V^eUbles, Fruits, lod Flowers. With Practical Notes on 
Soils, Muiuies, Seeds, Planting, I^ing-out of Gardens and 
Grounds, &c. By S. Wood, "mrd Editi 

'^ A very gowl buak, and one to he highly Tetamme 

Gainful Gardening. 

MULTUM-IN-PARVO GARDENING ; or. How to make One 
Acre o( Land produce j£^620 a year, by the Cultivation of Fruits 
and V^etables ; also How to Grow Flowers in Three Glass 
Houses, so as to realise £,\']b per annum clear Profit. By SaUUel 
Wood, 3rd Edition, revised, Cr. Svo, ai. doth. 

Gardening for Ladies, 

THE LADIES' MULTUM-IN-PARVO FLOWER GARDE^f, 
and Araateut'a Complete Guide. By S. Wood. Cr. 8vo, 3j. ta. 

Bulb Culture. 

THE BULB GARDEN ; or. How to Cultivate Bulbous and 
Tuberous. rooted Flowering Plants to I'erleclion. By Saml'ei. 
Wood. Coloured Plates. Crown Svo, 3J. i>d. doth, 

Tree Planting. 

THE TREE PLANTER AND PLANT PROPAGATOR, 
A Practical Manual on the I'rop^^alion of Forest Trees, Fruil 
Trees, Flowering Shrubs, Flowering Plants, Pot Herbs, &c. 
Numerous Illustralions. By Sa.\ii;el Wood, lamo, 2j, U. cloth. 

Tree Pruning. 

THE TREE PRUNER : A Practical Maniial on the Pruning of 
Fruit Trees, their Training and Renovation ; also the Pruning of 
Shrubs, Climbers, &c. By S. Wood. i2mo, a.t. 6/., cloth. 

Tree Planting, Pruning, & Plant Propagation. 

THE TREE PLANTER, PROPAGATOR, AND PRUNER. 
By SAMtlBL Wood, Author of " Good Gardening," S:c. Consisting 
of the above Two Works in One Vol., 5^. half-fejund. 

Early Fruits, Flowers and Vegetables. 

THE FORCING GARDEN; or. How to Grow Early Fruils, 
Flowers, and V^etables, With Plans and Estimates tor Bnildine 
Glasshouses, Pits, Frames, S;c, By S. Wood. Crown Svo, 31. 6rf. 

Market Gardening, Etc. 

THE KITCHEN AND MARKET GARDEN. By Con- 
tributors to " The Garden." Compiled by C. W. SnAW, Editor 
of '' Gardening Illustrated." lamo, 31. 6rf, cl. bds. 

Kitchett Gardening. 

KITCHEN GARDENING MADE EASY. Showii^ how li 

Erepare and layout (he ground, the best means of cultiVBtmgeT — 
nown Vegetable and Herb, &G. ByG. M. F, Glhnnv, lamo, 



WORKS FCBUSHED BY CROSBY LOCKWOOD & CO. 
'A ComptHe Epiiomeof the Laws of this Couniry.' 

EVERY MAITSOWN lAVriERjaHaDdy-Bookof lie Prin. 
oplcs of Lev ud Eifntj. Bf A Babuster. New Ediikni, 
with Notex >ad Rc faea eei- Ccnecttd to tbe ead of last Senkui. 
Enlnd^ npnnjs cl 3.500 SlatemeaU on Poinis o( Law. 
Cn>«> Svo, price 611. 8£ (uved xt nery coQSiiHaliaB). 
wpkistxc THi Kicnrs Aso «nto\'cs or individdais, MmcAicruji 

[ JUiDCOlOlUClALLAW.CBIHINAL LAW, PAII5H UiVT, COVitTt CfXVf 

1 LAWS, POOK UEJt's LAW, THB LAWS OF 

. - _ at EucmaucbPiiac- 

'■IUH.4* <v>w «**■■■"■-■■ — -«— ■- I "^-— ■■-!— w*--- - 




[>j be wtl.Scol llua b( . _ 

:y poise Rqaim ready lDlaIioD.'—&ijVf £^. 

//ffzi' lo Invest. 

HINTS FOR INVE.STORS. Being ui Explaootior _ 
of Tiintictii^ Business on the Stocli Exchange, elc. By Y 
5L Playiorh, Swoiii Brol-cr. Cro«n 8yo, 2/. dolh. 

Auctioneer's Assistant. 

THE APPRAISER, AUCTIONEER, BROKER, HOUSE 
AND ESTATE AGENT, AND VALUER'S POCKET AS- 
SISTANT, for Ihe VAltiitioii for Purchase, Sale, ot Renewal ol 
Leases, Annuities, and ReremonE, and of property genetaUy; 
with Plica (or Inrectories, &c By John Wheeleb, Valuer &c 
Fourth EililiaD, enlaiged, by C NoBKls, Royal 32100, clolh^ 5/, 

Auctioneering. 

AUCTIONEERS: THEIR DUTIES AND XJAEIHTIES. 
By Robert Squibbs, Auctioneei. Demy 8vo, lof. 6rf. cloth. 

' Ttie [KBJiioB md duds of iucaonteis ireJled compeodiouslT and elcarW "— 

House Property. \Bu,ur^. 

HANDBOOK OF HOUSE PROPERTY : the Purchase, Mort- 

Ke, Tenancy, and Compulsory Sale of Houses and I^nd ; the 
t of Dilapidations, &c By E. L. Takbuck. 311! Edit, ji, W 

"We arc ^lad (0 be able lo recomm-eml U." — Bjtiidtr. 
" The idvid it iharDUghtr pncticaL"^Lirw Jeitntai. 

Metropolitan Rating. 

METROPOLITAN BATING r a Summary of the Appeals 
heard before the Court of General Assessment Sessions at West- 
n the years 1S71-S0 inclusive. Coulaining a laige mass 
of »ery valuable information wilh respect lo the Rating of Rail- 
ways, Gas and Watern'orlis, Tramn-ays, WlMives, Public Houses, 
' "j Edward nnd A. L. Rvde. 8vo, lai. 6d. cloth. 



Wleait*0 ^nUimmtHV^ Scenes- 

LONDON, 1862, 
\^THE PRIZE MEDAL 

as iwardcd to the PuUishera of 

"WEAt£'S SERIES." 
A NEW LIST OF 

WEALE'S SERIES 

RUDIMENTARY SCIENTIFIC, EDUCATIONAL, 
AND CLASSICAL. 





,l^/S>:.e 



Scienct Cl-ssc!. &^.. 5^. 



tfilMJi^mi, Celleta, Scli, 



IS" " WEALE'S SERIES includes Texl-Books on almost every branch of 
Science and iDdusby, comprising such EUbjects as Agriculture. AichitecLurs 
and Building, Civil Engineering, Fine Arts, Mechanics aad Mechanical 
Engineering, Physical and Chemical Science, and many miscellane 
Treatises. The whole are conslautly undar^oin^ revision, and new edici( 
broDght up lo the latest discoveries in scienti&c research, are constantly 
issued. The prices at which they are sold are as low as their excellence i: 
assared." — American Liletary Gaittlt. 

•■ Amongst the literature oC technical education, W£A1.e's Series has ever 
enjoyed a high reputation, and the additions being made by Messrs. CROSBY 
LocKWOOU & CO. render the aeries even jnore complete, and bring the in'~- 
mation upon the several subjecls down to the present lime,"— Jfif 
Journal. 

sd more popular 
in the esculent 
treatises comprised in Wealk's'Skries." — Etigimcr 

'■ The excellence of WEALE'S Series is now so well apprec oted that it 
would be wasting our space lo enlarge Upon their general usefulness and 
value. ' ' — Bm itdtr. 

"WEALE'S SERIES has become a standard as nell as an unnvalled 
collection of treatises in all branches of art and science —PubUc Opxaioi 
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WEALS S RUDIUENTARV SKKIES. 



MINING, METALLURGY, ETC. 

4. ifm£KALOG r.Rodimen\& of; a concise View of Ihe Properties 

ofUismli. Br A. RAHMr. Jun. U'oodcuu and Steel PlUci. ji.l 

ir;. SUBTERRANEOUS SURVEYING. ElemcnUrv and Practical 

ijj. METALLURGY OF COPPER -, an InCcoductioii to the MethoilB 
of Snkinit. Mlalnv, and AuaviUH Copper, uid ManufactuHns its Alloys. 
Br RoHiT U . Lauueh. Ph.D. Woodcuu. ». ed.t 

US. ELECTRO-METALLURGY; PracdcaUy Treated. By Alks- 
ANDIR Watt, F.R.S.M.A. E-iglilh Edition, reirifrf, with addiliaoal Matter 

ijl. MINING TOOLS, Manual of. For the Use of Mine Managers, 
AneiiU. SladinU, ftr. Bj William Morsahs. it. 6d.t 
i7»». M/NING TOOLS, ATLAS o( EBgniiviogi to lUnatrate the above, 

176. METALLURGY OP IRON. Containine Hislocy of Iron Mano- 

rartun Methodi ofAtiay. and Analyiei of Iron Orel. Frocesia ol Mann- 
faclurt of Iron and Sleol, ftc. By H. BAUEBMAN, F.G.S. Fifth Edition, 

180. COAL AND COAL MINING. By Warington W. Smytk, 
M.A., F.R.S. Fiflh Edition, nulled. Witli numf^rouiIUustra^'oiu. ji.ed.t 

19s. THE MINERAL SURVEYOR AND VALUERS COM- 
PLETE GUIDE, wilb new Traverio TsWh, and Osjcriptioiw of lranro»cd 
IiutiunHxitsi alio the Corrsct Principles of Liytoe out and V^uioe Miof ral 
PtopcrtiFj. Bi William Liktirn, Mining and Ciri] Enelnoer. js. 6d.I 

m. SLATE AND SLATE QUARRYING.Sata^'i.Vxac.'&aii.xai 
CDRiimrcia]. Hy D. C. Daviii. F.G.S.. MioiaKEngmser, «ic. jjj 

MO. MAGNETIC SURVEYING, AND ANGULAR SURVEY- 

IXG.with Records of the PetullaHliEi of Needln Disturbances. Campilsd 

ARCHITECTURE, BUILDING, ETC. 

16. ARCHIIECTURE— ORDERS— Tiie Orders and their .ffisthedc 
Prindplu. ByW. H. LiEDS. Illnslrated. ii. 6d. 
■ 17. ARCHITECTURE— STYLES— The History and Description of 
Iho Slylts of Atchitecluro of Various Counliiej, from Iho Earlieit to tha 
PrMfnt Period. By T. Talbot Busy, F.K.I.B.A^ ftc. Illnstraled. a. 
*,* Orditrs and SrtLBS of Archithcturk, in dm Vol., 31. 6rf. 
. ARCHITECTURE— DESIGN— Ttiz Principles of DesJen in 
ArchilKture, as deducible from Hature and ciempliEod in tlie Works of tlis 



s. By E.L.Garbrtt, Architect, niuilratcd.e 



-, ..- _._ -.,.. HBlf Hn-Hd, .„„„_ 

ai. THE ART OF BUILDING, Rudiments of. Geneial Prindples 
of ConstructioD, Materials Died in Building, strength and Use of Hateri&li, 
Working Drawings, Speci&ca lions, and Estimates- By E. DaRSOB, atJ% 

25. MASONRY AND STONECUTTING ; in which Ihe Priodplcs 
of Masonic Projection and their application to the Constraclioa of Curved 
Wine- Wall], Domes, Oblione Bndgcs, and Koman and Gothic VudtiBE, 
are explained. By Edward Dorsoh, M.R.I.B.A-, &c- as. ed.t 

42. COTTAGE BUILDING. By C. Bkcce Allen, ArclutecL 
Ninth Edition, ^o^H«d and enlBTEed. Numerous 111 ustrationr. is. fid. 

it.. LIMES, CEMENTS, MORTARS, CONCRETES, MASTICS, 
PLASTERING. »c. By G, R- Burnell, C.E. Twelfth Edition- 11. 6d. 
Bf Thei indizatts ihai these tiab. may be had i/mngtyteundal^. txtia. 
LONDON '• CB.OSK* \J3C.K«(icm K&a »: 



WE ALE S RUDIMENTARY SERIES. 

Architecture, Building, etc., continued. 

57. WARMING AND VENTILATION. An Ei 
General PHDciplm as applied to Doniei!i;<! anil Public 

Lighlhonsc!. Ship>, & 

III. ARCHES, PIERS, BUTTRESSES. &-c.: 

on the Principle, of CorstnirtioQ, By W. Bul: 

. THE ACOUSTICS OF PUBLIC BUILDINGS; or, The I 
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^ts, Mine., 

. Elustnted, ]>. 
; Experimental EssajH I 
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R Smi-H, M.K 

. ARCHITECTURAL MODELLING JN PAPER, the Ait of. I 

ByT. A. RiTHASDsaH, An:liitec[. Ellustialed. is. fid. I 

. VITRUVIUS—THE ARCHITECTURE OF MARCUS ] 



ookl. Tral 



latcd from the L 



, Wlthij 
130. GRECIAN ARCHITECTURE, Ks Inquiry into Ihe Principles 

ofBeantyln: '*ith an HiitoricaJYieBr oftho Riie and Pioeresa otthe Art in 

Greece. By Ihe Eabl 01 ABIRDnH. 11. 
I* Tkt two ^rcLidlHg Works iit One kai^niiac Voi., Iialf hauad, CKtilUd "Anciint 



s, wiA the Spetificitio.., , , _._. _, 

S. H. Ebooks. New Edition, with Plates, as. 6d.l 

156. QUANTITIES AND MEASUREMENTS, How to Cslculate and 
Take tbem in Bricklayer', Mawni', Flastetrns'. Flumbon', Painten', Faper- 
haneers', Gliders', Smiths', Carpenteis', and Joinen' Work. By A. C. 
Bbatok, Architect and Sim-eynt. New and Enlai^nid Edition. Illus. is. 6d. 

175. LOCKWOOD &■ CO:S BUILDER'S AND CONTRACTOR'S 
PRICE BOOK, containing the latuIPricei or all kinds uFUuilden'UiLteiiali 
and Labonr, and of all Trades connected with BuildiBB, Sc, Sc. Edited 
byF.T.W.MiuRR,Archilect. Puhliibcd annually. 3i.6<I.;faalf bound, 4s. 

iSi. CARPENTRY AND yOlNERY—TB.s. Eleuemtart Pum- 

CIPLBS o? CAS^ensa.t. Chiefly composed from the Standard Work oF 
TxDMu Tredoold, CE. With Ariditioni (lom Iha Worki of tbe noic 
Rteent Aulliorilies, and a TREATISE ON JOINERY by E. Wmnui 
Takh, M.A. Humerous niuatrationi. jLtd] 
i8z«. CARPENTRY AND JOINERY. ATLAS of 35 Platea t 

accompany the above. With Descripli™ Letterpress, (lo.fis.; doth,7B.6d. . 
185. THE COMPLETE MEASURER; the Messuremeat of BostAs. \ 
Glass, &c; Uneqnal-slded, Squaie-sidsd, OctSEOnai-sided, Round Timber 1 
and Stone, and Standing Timber, tic. By Ricuabo Hortdh. Eourlb 

187. HINTS TO YOUNG ARCHITECTS. By G. Wighiwick. ■ 

NewKditlon. Hy O. H. GtriLLAuUB. lllustiatcd. 33. ed.t 

188. HOUSE PAINTING, GRAINING, MARBLING, AND SIGN ' 

JKWi'/iVG.-containiBBfullinibrmiliononthePnKesseaofHouiC-Painf 
the Practice of Sign-WStinB, tbe PriociplH .,f Decorati™ Art, a Coats 
Elementan' Drawin»;for Houic-Patntets, Wnten, &c.,6c. With 9 Coloi 
Plates, iiod nearly r^D Wood Engravings. By EnJS A. DAVIDSON. Toaith 



Editi^ 



^lotb hmp ; 6f 



1S9. THE RUDIMENTS OF PRACTICAL BRICKLAYING. 
InSiiScctionit General Principle.; ArchDrawing, Cutting, and Sellini — 
Pointing: Paving, 'llting, Materials; Slating and Plastenne: F 
Geometry, Meniuration, &c. By Adam Uahhond. Fifth Edition. 

191. PLUMBING. A Text-Book to the Practice of the Ait or Craft of I 

tbe Plumber. With Cbaptera nun House Drainage. Fourlb Editii 



•j, STATIONBRS' HALL COURT, LHDQi.TC CBA., •»..■::.. 




6 UEALES KUDIMESTARY SERIES. 

Architecture, Building, etc., continual. 
192. THE TIMBER IMPOR TER'S, TIMBER MERCHANT'S', 

and RUILDEK-S STANDARD GCIDE. By RicuAiiij EL Gramiv. 

Second EaicioD.ReriKd. i>.t 
106. A BOOK ON BUILDING, Civil and EccUsiaslic/d, intluduiE 

Chluch RmoiiAtio!'. Wllfa thoTtieoiT of Ddmn and tbe Gi?at Pviamid, 

*c. llySitEiiilp™llErKm,B»rt..I-L.D.,Q.C,FJt.A.S. 4.. 6d.I 
m6. the yOINTS MADS AND USED BY BUILDERS in the 

Cnulnirtionof utriauitlDdf ofrBeinnringandArcliitortiinl Woiki. By 

WTViLLj.CKUSTV.ArcfallFcrt. 'Wiihupwardiofi&iEnsnvin^Dn'Wood. jsi 
»a8. THE CONSTRUCTION OF ROOFS OF WOOD AND IRON 

Bt I!. WviDMjtH Tain, UA.. ArchtWct.' Second EdEli™, waited, 11, cd. 
M9. ELEMENTARY DECORATION: as applied to the Inleiior 

and Entnioi DccoraliDn of Dn-elling-HouKi, tto. By Jaues W. Face v, Jan. 

ILlmCrated ntltb SixtT'Cight nplaoator? BnEraTingT. bs. 
J30. HANDRAILJNG (A Practical Treatise on). Showing New and 

o! — ,. ..,j.^i. »._ r-.: — .1. r,:..^ -i- .i. ™.^].^ Drawing tijo MonllU 
. Br Gboegu Coluhgs. 

»47- sun DINO ESTATES : aRudimenUiyTreatiseontheDevelop- 
m»t,!uilF.PuicliaH,and General ManaEcmcDtof BuUding Land.iDcloding 
the Formuion of SInwIi ind Sewen, and Iho Rfquiicmciits of Sanitacr 
Aulhorilici. By FdwlihiMaitlaiid. Surveycr. IlluslraCed. u. 

iifi. PORTLAND CEMENT FOR USERS. By Henry Faija, 
Amdc. M. tnit. C.E. Second Edillon, corrected, llliutratod. 13. 

Jja. BRICKWORK : a Practical Treatise, embodying the General 
and Higher Principles' of BrlcUayiog, Cutlinj and Setflng, 8,c. Bv F. 
Walkik, CertlGcaudby thsScicDcsand AnDcpirCmentrnBiiildiiiECou- 
.irurllnn. Solid RBomflrv, ta. 11. 6d, Wf'liul'bihed. 

RCMANT'S, SAfV-MILLER'S, AND 
3T-BOOK AND ASSISTANT. ByWu. Rich- 
tsr on Speeds of San-IttiU Macbinerr, &c. By 
H.C.E., and a London Price Lijl for Timber and 
3>.l [J«'j*"««*rf. 



Sinple MeAodl (or findini tbe Pitch of llie Plan! 
,., .. \ ... pCiteiandDiaeraiii 



SHIPBUILDING, NAVIGATION, MARINK 
ENGINEERING, ETC. 
5t, NAVAL ARCHITECTURE. An Enposition of (lie Elementarr 
Principlei of lie Stimce and lleir Practical Application toNaval Constnic- 

S3". SHIPS FOR OCEAN AND RIVER SERVICE, Elementarv 
and Practical Principle of tbe Conatruction of. Bv H. A. SaHHKXFBLiiT, 

5J". AN^TLAs'opENGR^^NGh'io n'lus^ate^'li'ic a\>oie. ^JVelve 
large folding plates. Rofal 410, cloth. 7a. fid. 
54. MASTING, MAST-MAKING, AND RIGGING OF SHIPS, 
Rndimentarv Treatise on. Also Tables of Span. Ringing, Blscb ; Chain 
Wire, and Hemp Ropes, So:., relativo to every clais of Yesaels. By Robbki 
Kipping, N.A. Fiftuath Edition. Illustraled. as.t 
54'. , 
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LONDON : CROSBY LOCKWOOD AND CO., 



weale's rudimentaky series, 

Shipbuilding, Navigation, Marina Engineering, etc., ci 
Bjftw, THE EOJiMS OF SHIPS AND BOATS: Hints, Eiperiment- 

ally Derived, on sQineof tie Principles resnljlinft Shipbnildinff. By W, 

BLAND.ScreDlhEdition.rensal.nlhiiuineiousIlIiisIralionsaiidMddals.ii.ad. 
99, NAVIGATION AND NAUTICAL ASTRONOMY, ia Theory 

and Practice. By Prof. J, R. youNB. New Edition. 2S. M. 
io6. SHIPS' ANCHOSS.alreatlse on. By G. Cdtskll, NJL. ia,6d, 
149. SAILS AND SAIL-MAKING, aa Elementary Trealise on. 

Witli Draughting, ud tbd Centre of Efibrt of lbs Sails. Alu, Weigbti 

and Siies cf Ropes : Masting, Rigging, and Sails of Stesm Veuels, tic, tic. 

Elcveoth Edition. ByROBBHiKiFFiNci.N.A.,SailDia][er. Illustnitcd. :s.6d.t 
155, THE ENGINEER'S GUIDM TO THE ROYAL AND 

MERCANTILE NAVIES. By a Fbaciisal E»om»BR. Revised by D. 

F. M'Cabthv, laie of the Ordnance Survey Office, Sontbainpton. 31. 
55 PRACTICAL NAVIGATION. Consisting of The Sailor's 
S; Sea-Book. By Iambs Gbbenwodd and W, H. Kos5hh. Toeaaer with 
,r, the lequiilte Mathematical and Nautical 'I'ablo fbr the WorkTog of the 
^°*- Prohlemii. By Hbnry Law, C.E., and Piofeisar J. R. VouBO. With 

numerous Wood Engraviofn and Coloured Plates. 7s. Strongly half-bound. 

AGRICULTURE, GAHDENING, ETC. 
6i». A COMPLETE READY RECKONER FOR THE ADMEA- 

SUREMEfJT OF LAND, &c. By A. Abman. Second Edition, tavised 
aod eitended by C. Nohris, Surveyor, Valuer, &c. is. 
111. MILLER'S, MERCHANT'S, AND FARMER'S READY 1 
RECKONER. Witbappcaiimate valuei of MiUilones.Millwotk, ftc. 11. ' 

140. SOILS, MANURES, AND CHOPS. (Vol. 1. Outlines of * 

ilooBBS Fakhino.) ByR. Scott Bukh. Woodcuts, u. 

141. FARMING & FARMING ECONOMY, Notes, Historical and 

Practical,. on. IVoLi-OuTiiNHSOFMonEiiK Fahuino.) ByR.SconBuRN.js. 

142. STOCK; CATTLE, SHEEP, AND HORSES. (Vol. 3. 

OUTUHBS OF MODEKN FARHIRR.) By H. SCDTT BuRH. Woodcnls. 31. fid. 

145. DAIRY, PIGS, AND POULTRY, Management of the. By 

R. Scott BcHN. With Notes on the Uiseasn of Stock. (Vol. 4. Ouituis 
Di MonenN FAMHraa.) Woodcuts. 21. 

146. UTILIZATION OF SEWAGE, IRRIGATION, AND 

RECLAMATION OF WASTE LAND. (Vol. c. Ouiluiks o» Uodbrh 
Fakxino.) By R. Scott Bubh. Woodcuts, n.tld. 

MBBBRc'FAiiunjn." "ByRoflBRTScorr Hoii[.'."ftj«iji. "'^ "" 

177. FRUIT TREES, The Scientific and Profitable Culture of. From 

the French of Du Breuil, Revised by Gao, Glbnky. 187 Woodcuti. 31. 6d.t 

198. SHEEP: THE HISTORY, STRUCTURE, ECONOMY, AND 

DISEASES OF. By W. C. Spoohbb, M.R.V.C fcc. Fourth Edition, 

enlarged, Including Specimens of Nev and Improved Breeds. js.U.t 

201. KI2LHEN GARDENING MADE EASY. By George M.F. 

Glunnv. Illustrated. lt.6d.t 

207. OUTLINES OF FARM MANAGEMENT, and the Orrani. 

u/ibH a/FaTTX Laisur; Treating uf the General Work of the Farm : Field 

andLlvoStock; ContractWork; Labour.&c. By R, Scott Busk, is, 6d.t 
aoB. OUTLINES OF LANDED ESTATES MANAGEMENT: 

Treating of the Varieties of Lands, Metbods of Farming, Farm BuildinEi, 

Irrigation, Drainage, be. By K. Scoit Burn. u.6d.t 
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8 WEALK S RL'DIMKNTARV SSUIBS. 

Agriculture, Gardeaiag, etc, contimieJ. 

Wh THE TREE PLANTBJi AND PLANT PROPAGATOR. 
A Pnitjnl Uaniul an llie Piopjigatuin af Fomt Trns, Fruit Tiki, 
Flomiac Skmbi. Floseiiiig Pliuiu. be By SuntiL Woon. h4 

iio. THE TREE PRUNER.. A PracBcal Manual oa the Pruning of 

PnirtTr«*»,iic]ddhigalw their TniningaDdRcaovitiDii; alaa IhePnuiiDf 

of SInhi, CUmben. and FloHerinc Pluti. B; S-iuciLL Wood. 21.I 

-.* .NW. *9f 6- tio H On* Vsl., htndKmify half-bewi. trnfilled "Tm The 

Plutvc, PaorAGikTaB, An> Pbori-" By a*HUBL Wood. yViaji. 

■18. rzK ff'^ r AND STRA W MEASURER .- Being New Tables 
(or tiM U*e of Aartioneen. Viluen, FanoerE, Hjy and Straw Dolen, *c. 
nyJoMicStiiiJL FoBitb Edition, n. 

tit. SUBURBAN FARMING. The Laying-oat and CnltivRtion □( 
F*nu, adaMeil la tba Prodnire af Milk, Buler, and Cbeue, Zrgs. Poillir, 
■ltd PfpTllrl'niCJoBHDDKAUBOHUulK. Scott Buu. 3s. «d.t 



til. COTTAGE GARDENING ; or. Flowers, Frails, and Veeelables 
fur Sm*U (iirdcni. By E. KoBiur. 11. 6d. 

133. GARDEN RECEIPTS. Edited by Chahibs W. Qora. iB.6d. 

134. 7"JTfi KITCHEN AND MARKET GARDEN. Compiled 

byC.W.SHA«-,Edilorof"GlrdmineIllu«ratod." ji.i 
JJ9. DRAINING AND EMBANKING. A Practical Treatise, era- 

bwtvinf Ihcmoit TCDCnt cBpcriebCeialbeAppUcaLkanttf Imnfgved Methodl- 
By }oH!i Scott, lata Fcolswr of Aericuliuie ind Rural Ecatuuny at the 
Kd^I AgricDLtnnl College, Cirencencr. Wilb 68 ntaitralions. u, ed. 

140. IRRIGATION AND HEATER SUPPLY. A Tieatise on Water 

Ueld™>, Sewage Irrigation, Waiplne, ir. ; on Ihe Conttmclioo of Weill, 
Pondi, and Rewmlr. ; and od Rjiuiig Water by Waciinery far Agricol- 
tural and Doaeitic Potpopoi. By Prof. Jdhk Scoit. With j4 lllus.Ti. M. 

141. FARM ROADS. FENCES, AND GATES. A Practical 

Tieatiie OB tbe Road>, Tramwayt. and Waterways cf tbe Farm I the 
Piinciplr* rA Enclointri; and tbe dtArcni iandg of Fmcei, Gates and 
Slile.. By ProfMsorJoMS Scott. With 73 ILlnnrationi. i..6d. 

i4t. FARM BUILDINGS. A Practical Treatise on the Bnildmgs 
Sicluding Plans and Eilimawi. By ^tot John Scott. Wi°h ios"Siul'^ 

143. BARN IMPLEMENTS AND MACHINES. A Practical 
Treatiie on the Application of Fonr to Ibe Operation* of Aericultun ; and 
DnTaiioui Machine! uied in Ibe Tbnshjne-barn, in tbn Stoefe-rard, and in tbo 
Dairy, »c. By Prof. J. Seorr. Wilb ii] tlluslratiom. «. IJiKlfuiluicJ. 

till. FIELD IMPLEMENTS AND MACHINES. A. PracHeal 

TreatiiBOn tbe Varieliel no» in nie, with PiimHpIeB and BctaiU of CoD- 
aliuclioa, Ibeir PoinU oCEicellence, and Maoaganient. Br Pni&sHir Jobk 
Scon. With ijB lllnitralionB. M. [Jiat f^OttiA 

145. AGRICULTURAL SURVEYING. A Praciicat TreatiEe en 
Land Sutreyihi;. Levelling, and Stftting.out: ood on MeasuriDg aod Ss^- 
mating QaantiiiEs, Weiebt., and Valnei of Materials, Produoe. Stock, Ac 
By Prof.JnuH Scott. Wilt £> niuMration.. u. M. [Shalfai^S^ 
;• JVta. 239 /u 143 '" One Vel., kandtamrh half-bound, rnlilU^ "Thb ConlUn 

T>sr-K»K D» Famh ENCimiEBi.«;." By ProfwsorJoBM Scott. Ptaxat. 
ajo. UEA T PRODUCTION. A Manual for Piodnceis, DistribatoHL 
Be. ByJoHS EwAKT. 11. 6i.t 
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MATHEMATICS, ARITHMETIC, ETC, 
;. MATHEMATICAL INSTRUMENTS, » Treatise on; in wMcll 

■ ■ " ■ ■.sMefhods c( Testing, AdjustiDg.ar 

" «», M.A., of ttc I 

. .._,, ... ._. _ ... J 1 ™l., Uliulraled. 

V InonicrinKth"'bBi>e,6tain/Kl/Biiiy, " Onpnol EdUiaH" {No. ii\, ta aulnt- 

guii* ilJnM flu EnUrgidEdiHin, in 3 »&. (Not. %fii-g-^a.\ 

76. DESCRIPTIVE GEOMETRY, an Elementary TrcaUse on; 

with > Theory of Shadmra and of Poiipacttve, eitmcted from the French of 

G. MONOa. To wliich i> sddsd, i deacription of ths Fiinripls and Practice 

of Isometridal Projection. B7 J. F. Heathbr. M..A, With 14 Pistes, a. 

178. PRACTICAL PLANE GEOMETRY: pving the Simplest 



concisely Eipliined. By J. i 
Ldemy, Woolwicb. Original Ei 
ring tHe aho-uefht car^fUio say 
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Srannd.'^™ 
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n, MA. With 11 
%l. COMMERCIAL BOOK-KEEPING. Wilh Commercial Phrases 
and Furms m Engliih, French. Itnlinc, aad German. By Iambs Haudc 
M.A., Arithmetical Master of King'ji College School, London, is. M. 
84. ARITHMETIC, a Rudimenlary Treatise on: with full Eiplan 
tioni of its Theoratical Prini-iplei.Rnd namemuEiamplesfor Practice. . 
Profenor I.R. VOUBO, Tenth EfflU on. eomjcled. ii. 6d. 
84*. A Kbv to tho above, containing Solutiuns in foil to the EierciKi*, together 
niith Comnenli, Explanations, and Imjiroved Procciies, for the Use of 



i." BrT K™ 



85. EQUATIONAL ARITHMETIC, applied to Questions of Interest, 

8c*. Annuities, Life Aslurance, and General Commerce ; nith vsnooi Tables )n I 
" which all Calcststioiu nay be greatly bcijitated. By W. Uifsuiv. :i. 






86. ALGEBRA, the Elements of. 

of'problSnsio'varioiBpBruofAlgobta. 2S. 
S6*. A Kbv and Coupanion to the above Book, forming ai 
Solved Ei^ples and Problems in lllnstration of 
necessary in AlgebtaicaJ Operations. By I. K. You 
8S. EUCLID, Tbe Elements OF : ^th many addittooal Propositions 
8a. and Siplanatoty Notes : to nhicli in preSied, an lotroductoij, Esia; en 
' Logic. ByHBKRT Law, C.e. 2s. 6d,t 

SB. EocUD, Tho Fint Three Books. By Hhnsv Law, C^. I9.6d. 

S9. Eccun, Books 4, s, 6, 11, «. By Bbsrv Law, C.K. ii. 6d. 

<)a. ANALYTICAL GEOMETRY AND CONIC SECTIONS, 

By Jamss Hakh. a New Edition, by Professor j.R.YoUNO. is.t 
91. PLANS TRIGONOMETRY, the Elements of. By Tambs 

Kakn, formerly Mathematical Master of King's CoUege, London, is. fid. 
gi. SPHERICAL TRIGONOMETRY, QiemcmeatsoL ByjAMM | 

Hank. Revised by Charles H. Ddwuho, C.E. is. 
•,• Or-with"TheElemin{safPlaHiTHeinomfliy;'inOncValu 
•il. MENSURATION AND MEASURING. With the Mensniatioa | 

and LevellioE of Land for the Pnrposes of Modem Engioeeiing. By T. ' 

Dakbr, C.E. NewEdilionbyE. Ndosnt, C.E, Illustrated. 11. 6d. 
\oi, DIFFERENTIAL CALCULUS, Eiemeixtsol the. By W. S. B. 

WoOLtloUSE F.R.A.S^ Blc. is. fid. I 

102, INTEGRAL CALCULUS, Kndimenlaty Treatise 00 the. By 
IIouERSHAH Cdi, B.A. Illnstrated. IS. 

105. MNEMONICAL LESSONS. — Geombt&v, Algebra. 

-r- ;„ Easy Mnomonicil Lessons. By the Rev, 

XKN. M.A. IS. Cd. 




wbauTs rddiukxtary ssri^ 

INDUSTRIAL AMD USEFUL ARTS. 

'„ SIUCJTS AXD TILES, RudimenUir Treatise on the Manufac- 

. CLOCKS. WATCHES. JXD SELLS, ■ Rndiraentary T. 
— Bt Sr Emr?* Bicinn. U-.D, Q.C. Snath Edition, rerised a 
ttl. >■.«<.>■■: 3<.«d.<kKbiHid>. 
►•. COXSJkUCTIOM OF lyOOR LO 
Pnwi «f A. C Hmi. isd EJiMd br Cbi 
Ad^OKi bf Rowmi Muur. U J.C.B. 
. rffff £X^^ FOUNDERS UAmiAL; Instnictions for 
HdMI^. Panm-khkiBc, Uciene. TunmE. Fn.ag, Buiniihii.g, 
Bi" i HT "fc*c. Wnka9MvRecu(s.Be. Bit WauH G«>bah. jj4 
, TMM ART OF LETTER PAINTniG MADE EASY. By 
J.G.HiMsors. IfiBtoaBcdwiib TiMI-^iKt EngianngiofEuiBpIet. ii. 
. THE GOEDSiTiTH'S BANDBOOK, coDtaimng fuU Instnc- 
uubrUKAllMf niWixknEDrColdL BrCcoici E. Gem. ji.i 
COACH BUILDISG. A Pnoical Treatbe, Historical anil 
I V i uiu t i it. Ri J. W. bt rons. u. 6dJ 
. TVS SlLVERSMmrs BANDBOOK. containing fiJl In- 

liUuM tig a»AlloTing »bJ Worti.^ of Silver. B^GiobckE.Gi 
i- PRACTICAL ORGAN BUILDING. By W. E. Dii 

HJi^PiHTiUHarElTCiltiFdnl. Illutnled. H. 6d.t 
». THE UALL-UARKING OFyEWELLERYPRACTIL 
CONSIDERED. Bf GuiitEi E. Gi> - 



Gek. ]U 



MISCELLANEOUS VOLUMES. 

k A DICTIONARY OP TERMS used in ARCHITBCTWfS, 
BUILDIXG.BKCINEERING, MINING, METALLURGY, ARCHJS- 
OLOCV, tin FINS ARTS,6^. BrJoBHWULB. Fifth K^aon. Rerned 
br RoHBT Hpjn, y.R^S. Llliutiatcd. si. limp ; 61, doth bouds. 

■%. THE LAW OF CONTRACTS FOR WORKS AND SER- 
VICES. Br David GiBHMS. Tlicd Edilicm. cntarecd. ]i.| 

I. MANUAL OF DOMESTIC MEDICINE. By R. GooDIKO. 
BJk., U.D. iHUadnl u > fuiilT Guide in all Ciaa oF AecidBnt uJ 
En«v*Bcr. Hird Edition, n^ 

'. MANAGEMENT OF BBALTB. A Manual ol Home and 
Poioul HjiKO*. By ibe Rtr. Jakis Baiko, B.A. u. 

1. £(7(?/<ir, Puie u>d Applied. By S. H. EuuEHS. is. fid. 

•..SELECTIONS FROM LOCKE'S ESSAYS ON THE 
HUMAN VNDERSTAND/NG. nith Noteiby S. H. Ehhbns. s,. 

|. GENERAL HINTS TO EMIGRANTS. NolicES of [he various 
t^ddi for EuifntioB. Hinti nn OulfiU, Cfcfot ReripB. Ac. u. 

. THE EMIGRANTS GUIDE TO NATAL. By Robert 

Jam«s Uaxh. F.R..4i., F.M.S. Srcmd Edi.ion. Maj.. H, 

|. HANDBOOK OF FIELD FORTlFICATJON.iaXimiedtcsihc 
GuidABCF of Officcn Pnpaiioc for Promotiao. Bj Major W. W. 
Kjollys. F.R.G.S. With 163 W^iodcuB. 3^1. 

. THE HOUSE MANAGER: Being a Guide lo Honsckecpine 

- ■ ■ - - PicklluK and PieMmng, HonKhoId WoA, fei^ 

. — rflbleand Drftsert. CelUrB^c of Winu, Huoa-binrinc 

A-murinVi the Boudoir uid Drenini^rooiii, TravollmK Stable 
EnmomT. GaidcDme OpualioDi. be. By An Oio Boi-BBKnFBB. ii. 6d4 
I. HOUSE BOOK {Tht-\. Comprising ;— I. The House Mana^x. 
,, «7 an Old HousiKBSi-iB. II. Dqhki.c UnnicraB. By IUlfb Gdobihc, 

MJJ, III. MaMAOKMENI "" HniTU. R. Iiux Tl.i.n. In n_. Ir.i ' 

, slranglrhalt-baond, (it. 
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WEALES EDUCATIONAL AND CLASSICAL SERIES. 

EDTTCATIOWA L AND CLASS ICAL SERIES. 

HISTORY. 

I. England, Outlines of the History of; mote espedally with' 
rofereoco to the Origin and ProgroBi of Iho English Constitulian. By 
WiLUiH DouoLAS Sahilton, F.S.A., of Her MaJBSty'i Public ReeaA 
Office. 4lh Edition, reviled. 51. ; cloth board], 6i. 

5. Greece, Outlines of the History of; in cojmectioB with the 

KiiE of the Atli and Civiliialion in Europe. By W. Douola* Hamiltoh. 
of Univerailv College, London nod EnwABD LIVWN, M,A., of Balliol , 
College, Oifcrd. IS. 6d.; elotb boimJ., J!. 63. ' 

7. Rome, Outlines of the History at; from the Earliest Petiod '1 
to the Christian Eta and the ConmBntEment of the Decline ot the 1' ' ' 
ByEowAHD LaviEKpofBalliol College. 0> ford. Map.ss.Sd.; cl.bda.^ 

9. Chronology of History, Art, Literature, and Prosress, 

from the Creation of the World lo the Conclusion of tbe Franca-Genoan Wai 

The ContbuBlion by W. D. HAnitroK. F.S A. ja. ; cloth boardi. 31. Sd. 

50. Bates and Events In English History, for tlie use a 

Candidalea in Public and Private Eiamioalions. Ey lie Rov. E, Kakh. u 



ENGLISH LANGUAGE AND MISCELLANEOUS. 
II. Grammar of the English Tongue, Spolien and Written. 
T.--.,. __ ._>..j__.i__ ._ .,._ ....,_ _, ^. ,p^;,iii.e piuioJoKj. By Hydb 



D.C.L. Fou 



1 Ediiio 



i Spoken 



II*. Philology! Handbook of the Com; 

Anglo-Siion, Frisian, Flemish or Dulchj'Low or j-iair uuicJ 
orGennan, Danish, Swedish, Icelandic, Latin, Italian, FreucJ 
Portuguoe Tongues. By Hyna CtAaxi. D.C.L. 11. 

II. Dictionary of the English Language, us 

Written. ConUininr abors 100,000 Words. Bv^ide Cuhxe, D.C.L. 

]3.6d.; cloth boards, 41. 6d.; completenilh tbe Ghahiias, cloth hdi., ».6d. 
4S. Composition and Punctuation, familiarly Explained for 

thoio who have neglected the Study of CraBmur. By Justm Brhnah. 

i7tb Edition. 11. bL 
49. Derivative Spelling-Book s GivingtheOriginorEveryWord 

from the Greek. Latin, Saxon, German, Teolonic, Dutch. French, Spaniib, 

aud other Languagesi with their present Acceptation and Pronunciation. 

ByJ. KUWBOIHAII, F.R.A.S. Improved Edition. IS.Gd. 

51. The Art of Extempore Speahine: Hints for the Pulpit, the 

Senate, and the Bar. By M. BAUTArH, Vicar-General and Profeiior at the 
Sorbonne. Translated from the French, ;th Edition, carefully corrected. u.Gd. 

52. Mining and Quarrying, with the Sciences connected there- 

with. Ilrst Root of, for .SchoolB. By J. H.COU.IM, F.G.S., Lecturer IQ 
the Minen' Auociation of Cornwall anfDevon. 11. 
SJ- Places and Facts in Political and Physical Geography, 

forCandidaleiinEiaminalionj. By Ibe Rev. Edoak Rano, BX 1.. 
54- Analytical Chenaistry, Qualitative and Qaaniilative, a Course 
of. To Bhich it prcBtfd. a BrielTreati.oupon Modem Chemical NomoncU- 
tnre and NoUlion. By Wm. W. Pitik and GaoacE E. Wsbstbh, is. 
THE SCHOOL MANAGERS' SERIES OF READING 

BOOKS, 
Kdlled by the Rev. A. R. GaAKt, Recior of Hilchom, and Honorary Canon of Ely; 
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■4 WItMJt'S MDOCA-noJIAL AND CLASSICAL &ERI 

FRENCH, 
■t. French Grammar. With Complete and Concise Rules 

G«*=,.o(FmichN-oun». BjG. L-SWh, Ph.D. is 6d 
ij. Franc b-English Dictionary, ComprisiDg ^ laree nan 

N»w ToriBio»oit in Enpopcriag, Mining, St. Br Alfrbd Etwes 

tft. EDglish-Freach Dictionary. BvAi^ked Elwbs.' : 
' tj.ifc. French Dictionary (as ibove). Complele, in One Vol 
clubbDuili. 3i.6d. *.' Oc with the Gkahkai, (!•>•■■ I ■- — '-> 

•- French and English Phrase Book 






Englli 

oilh Tnr 



i! Voc. 






iDloimng I 
of W<>r£, 1 

it.ed. 



GERMAN. 
I. German Grammar. Adapted for Enelish L 

Hcyic'i TVoRlu:*] and Piactital GramDu, hf Dr. G. L. Stbausj. ' is.ti 
>. Gertnjtn Reader: ASeriei oTExUacts, carefully culled from the 

B-m iiiprand AiiAan of Gennaor i •rilh Note, Philotapeal ud Et- 

3. German Triglot Dictionary. By N. E. S. A. HAMitioN. 
In IVcv Pm>. Pitt 1. &ennan-Prtact-EBBli.h. Part II. £ncUth.G«t- 

3 German Triglot Dictionary (as aboic), together with Gennan 
^ Gfuukdr (No- jqk» in Oik VitUmc, cloth boirdi, 51, 

ITALIAN. 
. Italian Grammar, arranged in Twealy Lessons, with a Coutse 

o(E»rcU«. BtAukidEiwu. ii.6d. 
i. Italian Triglot Dictionary, wherein tlie Geados ot all the 

llillan and French Noimt uc carefully noted down. By Alfred Elwis. 

Vol. I. Itallao-Engluh-Fieocb. 11.64. 
I. Italian Triglot Dictionary. 

Kagli^-Fr ■•<-■■- — ■' 
. Italian 1 



By A. Elvihs. Vol. 1. 

Triglot Dictionary. By Alfred Elwks. Vol. t. 
Fniicb-Italiiin-EnelWi. B.6d. 
Italian Triglot Dictionary (as above). In One Vol., 7s. 6d. 



Cloth boudi. 



SPANISH AND PORTUGUESE. 
34. Spanish Granvmar, in a Simple and Practical Form. 



With 



35. Spanish' English and English-Span fsti Dictionary. 

iDduding a largE number of rcchnic^ Termi uk3 in MiaiDe, Engiaeenng.b.. 
Kitb tbe prDper AcceoU and ihe Gender af ateey Noun. By Alprhd m.viis. 
41. ; clol£ boardi, 51. *,* Or with Ifao Gkahua«, cloth boardi, Gi. 
5j. Portngueso Grammar, in a Simple and PracticttI Form. 

■n'llhiCouiseofKxercIsDi, By Atmau Elwbs, i>. M. 

56. Portuguese- English and English-Portuguese Dic- 

lianary. lacladinf a Utgift aumber nf Technical Terms used in ilinin*. 
Kaginiwrinc. >>c.. with the proper Accfnu add UieGendCr of ei.-enrNo«a. 
By Alfkiu Elk-is. 51.; clDtb boards. £s. •.• Or »ith the GKAHVAit, 
cloth boanb, 7'. ^ _^ \J"il fubliihti. 

HEBREW^. 
I 46*. Hebrew Grammar. By Dr. BRESStAU. is. 6d. 

AX. Hebrew and English Dictionary, Biblical and Rabbinical; 

containiDg tbi^ Hebtew and Cbaldee Rodu of the Old Xestaoeat PoU- 
Rabbinic2 Writingi. By Dr. Bnassulu. 6s. 
^^>. English and Hebrew DicUonary. By Dr. Bressuiu. j*, 
14,46. Hebrew Dictionary (as above), in Two Vols., complete, with 

"lONDOS : CKOSBV LOCKWOOD AND CO., 
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LATIN. 

I. Latin Granamar, Containing tlie Inflections and Elemi 
PiinciplaQfTranilBliunandConitriiclion. By tlip Riv. THOiiAs Gm 
M.A.,HeadMaslwof[beGrecnrt;(;hProprietafySchooL ii. 

•. J-atin-EngUsh Dictionary. By the Rev. Thomas GooDwnr, ] 



1. Thdm 



kLA. I 



!. Latin Dictionary (as above). Complete in One Vol., 3s. 6d, 

clathbcuicd!, ts.ed. V Ornilfa tbe Grammar, clotli board), 51. &1- 
LATIN CLASSICS. With ExpUnatory Notes in Enfiiish. 
. Latin Delectus. Containing Eitracts fmni Classical Aathora, J 

wilhGenealogicalVocabulariESandEiiplanatorrKoles.bj'H.YoiJSG. is.Sd. J 
. Caesaris Conimenlarii de Bello Gallico. Notes, and a Geographical 1 

RegUter for Ihe Use of Schools, hy H. Youkq. js. ■ 

. Cornelius Mepos. With Notes. By H. Young. 
. VIrgilii Maronis BucolLca et Georgica. With Notes on the Buco- ] 

liciby W. RusBTON. M.A., and od the Georgics by H. YoUKc. is. 6d. 
. VIrgilii Maronis JpMeis. With Notes, Critical and Kxplanatorr, 

by H. YouNQ. New Edition, roviieil and improved With copious Addi- ' 

tfonal Note by Rev. T.H.L.L»A»Y,D.C.L.,roimer(y Scholar of Brascnoso 

CoIleKB, Oxford, 31 
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6. Horace; Odes, Epode, and Carmen Steculare. Notes by H. J 



8. Sallustn Crispi Catalina et BeLura Tugurthinuni. Notes, Critical 
and Eiplanatory, by W. M. Donnb, B.A.,Tfiii. CoU.,Cam. n. 6d. 

g, Terentli Andria et Heaulontimorumenos. With Notes, Critical 
and Explanatory, by the Rev. Jambs Daviss, M.A. i>. 6d. 

10. Terentii Adelphi, Hecyra, Phoymio. Edited, with Notes, Critical 

and Biplanaloiy, by the Rev. JAUBS Davies, M.A. m. 

11. Terentil Eunuchus, Comoedia, Notes, by Rev. J. Davies, M.A. 1 



;. Ciceronls Orationes in Catilinam, Verrera, et pro Archia. I 
With Introduclioo. Analysis, and Notts, Ejplanilory and Critital, by Rar. 
T. H. L. Lbaiiv, D.C.L. fbnnErly Scholar of Brascnose CoUege, Oxfotd. 

.. Ciceronls Cato Major, Laellns, Bmtus, sive de Seneatute, de Ami- \ 
dtia, de Claris Oiatoiibni Dialogi. With Nolei by W. Bkownricmi Si - ' 
M.A., F.R.G.S. H. 

I. LIvy ! History of Rome. Notes by H. Young and W. B. Smith, I 



). Latin Varse Selections, from Catullns, Tibullus, Propertius, 

and Ovid. Notes by W. B. Do»h», MJI-. Trinity Collage, Cambridge, is. 
1. Latin Prosa Selections, from Varro, Columella, VitroviuE, 

Ssneca, Qmotilian, Floras, Vellcios Palerc ■ "■■.■■ 

Diiu, ApJeius, Bu:. Note, by W. B. DoBKB. 
I. Juvenalis SMirje. With Prolegomena and Notes byT. H. S. 1 

EstotT, B.A., Letlurer on Logic at King's Coilege, Lo nd^- ~ ■ 

7, stationers' hall court, ludcatsj 
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GREEK. 

a accordance with the Principles and TMo- 
e mtMl emineal Scholar, of our own daj. By HANS 



Clai-di UaUI-IMI. 

Il3il7-Greek Lexicon. Couiaining all Ihe Words in Geoeral Use, with 

Uw Two Toll. IS One, 41. 6d . : clolh taeardi, ;i. 
•,15. Greek Lexicon (as above). Complete, with the Gbamicar, in 
■7. One Vol., cloth boanli, 61. 
GREEK CLASSICS. With ^uJanUor; Notes in Enelish. 
I. Greek Deloctus. Conlaioing Eitiacta Irom Classical Authors, 
wl;h_GrnB»lD(ical VocjibiiliiiM ud ExplanalDry NoLe., bj-H. Youno. N™ 
Edition, wilb an impiovcdandBnlargBd Supplemmljry Vocabulan-. b? Iohn 
HuicHiJOii, MA., of tho HiKh School, GlHgow. is. 6d. '' ' '' 

'», 3. Xenophon'a Anabasis; or.TheRetroalof IheTenThtrasaad. 
Notej and a G«eiaphical Reniiler, by H. Yodjig. Fait i. Bodti i. to iii„ 
II. Pari I. Boa& iv. to vii. , 11. 
4. Lucian's Selact Dlalocues. The Text caieMly levised, with 
Crammaliral anil Eaplanatoiy Notn, b; H. Yol'Nb. u. fi 
S-Ji. Homer, The Works of. According lo the Text of Bahumlein. 
With Zfotei, Critical and Ei^anatoiy, dnnm frooi the best and latnl 

Aulhorilia, with PrelimiBajy f" ■' ' ...-.- . _. .. - 

Liuv, U.A., D.CX. 
I Iliad : Pan i. Sooki i. to vi., 



. and Appendices by T. H. L. 



Part 4. Boofcjii 



Part a. 



II. 6d. 






13. Plato'9 Dialogues; The Apology of Socrales, the Crito, and 

tbePhzdo. FrooiiheTuloCC. F. Hhhanr. Edited wilh Notei. Cridcal 
and Siplanalory, by the Ke?. Jamus Daviis, M.A, as. 
1-17. Herodotus, The History of, chie/Iy after the Teil of Gaisfobd. 
With PreUmioaiy Obierratjoni and Appendice., and Notei, Critical and 
Eaplanalory.hyT. F. L. Lbaut, M.A., D.CL. 

Part I. Booki i., ii. (Tho Clio aod Enlerpo), II. 
Fart 1. Boolu iii.. jr. I'llie Thalia aod Melpomene), 21. 
Part 3. Iloolu v.-vii. (Tha Terp.ichore, Erato, and PoWmnia), a. 
Vart ,. itool.1 vill., r.. (Tlia Urania and Calliope) and Inda, i». fid. 
18. Sophocles: Oidipus Tyrannus. Notes by H. Yoono. is. 
10, Sophocles: Antigotie. From the Test of Dindorf. Note*. 

Critical and Eiplanataiy. \iy the Rev. Jomh MltH», BJl. 21. 
aj. Euripides : Hecuba and Medea. Chiefly from the Tent of Dwj- 
DOHF. With Notes, Critical and Eiplanalory, by W. Skowmkico Skiiu, 
M.A„FJi.G.S. II. 6d. 
' a6. Euripides; Alcestis. Chiefiy from the Text of Dindorf, With 
Notes, Crilica! and Eiplanalory, by John Miisbb. B A. u. 6d. 
30. .lEschylus 1 Prometheus Vinctus : The Prometheus Bound. From 
the Teat of Dindohf. Edited, with English Note;, Critical anil Explanatory, 
bytbeRev. Jambs Davi«, WA. is. 
M, .<£sctaylus: Septem Contra Thebes : The Seven against Thebes. 
From the Teal of DiNUOMi- "^■^-^ -—-"-■■- •' - - ■ 



.ry.byth 



tdiled, Yrflli EoBlish 



tical aad Ei- 



40. Aristophanes t Achaminns. Chiefly from the Text of C. H. 
Wkis*. With Notes, by C.S.T.TowN3HBm,M.A. is. fid. 
. 'liiucydldea 1 History ot the Peloponnesian War. Notes by H. 



Xenophon's Panegyric or 

ductionliyLi.. F. W. TBWtT. is. I 

43. Demosthenes. The Otatioa 

With Ensii!!, Notes. By Kev. T. H 



Agesilaus. Notes and Intio- 



